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Foreword 


TO HELP State Supervisors of Matheniatica develop construc- 
tive leadership programs suitable for immediate adoption, 
under varying State and local conditions, the U S. Office of 
Education sponsored a National Conference of State Super- 
visors of Mathematics at Washington, D C., front Juno 19 to 
23, 1961. The proceedings of the Conference are reported in 
this bulletin. 

The Conference had four main objectives: 

1. To focus attention on the evolving mathematics curriculum in 
order to determine the most effective things the State Supervisor 

can do to help strengthen mathematic* teaching. 

2. To consider hoar the State Supervisor can help improve inservice 
and preaervioe education for mathematics teachers. 

3. To identify what types of research are needed in the field of math- 
ematic^ teaching and to consider the implications of present re- 
search findings 

4. To determine how the 8tate Supervisor can evaluate his State’s 
program for strengthening mathematics teaching and how he can 
help school systems evaluate their programs.. 

The planning committee for the Conference was composed 
of the following personnel from the Office: J. Dan HullrKen- 
neth E. Brown, Marjorie C. Johnston, Marguerite Kluttz, 
Daniel W. Snader, and Mary K. Tulock. Franklin Padgett 
assisted in compiling this final report of the Conference. 

J. Dan Hull, E. Glenn F*athbrston, 

Director, Instruction, Assistant Commissioner, 

Organization, and Division oj Stats atid 


Services Branch 


Load School Systems 


m 
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The Changes Taking Place in Mathematics 

IRVINS' ADLER 

1. Contemporary mathematics is distinguished by the following char- 
acteristics: 

It is classical mathematics grown mature. 

It is classical mathematics grown self-conscious and self-critical. 

It is modern mathematics developed as a more efficient way of dealing with, 
the content of classical mathematics. 

It is mathematics related more and more intimately to man’s activities in 
industry, social life, scienoe, and philosophy. 

2. Classical mathematics, in its growth to maturity, has done the 
following: 

Changed from a number system to number systems. 

Changed from geometry 'to geometries. 

Unified the concepts of number and space. v 
Developed analysis. 

Evolved the concept of function. 

Developed the theories of functionals. 

3. Modem mathematics is to classical mathematics as elementary 
algebra is to elementary arithmetics. Modem mathematics is neces- 
sarily axiomatic, deductive, and abstract. It does not replace cltumjcal 
mathematics. It generalizes it, supplements it, unifies it, and deepens 
our understanding*^ it. But classical mathematics in the form of 
arithmetic, analysis, and geometry is as important as it ever was. 

4. At one time the geometry of Euclid was unique in being axiomatic 
and deductive. Now all mathematical structures are axiomatic and 
deductive. To introduce young people to deductive systems, we now 
have many such systems from which to choose. 

5. Even if we could do without intuition in creating mathematics, it 
would be folly to try to do without it in teaching mathematics. Al- 
though a deductive argument may show us where one tree stands in 
relation to other trees, an intuitive argument is often the best way of 
seeing the woods that are made up of all those trees. 

6. The spread of industrial automation tends to reduce the number 

of unskilled and semiskilled workers and to increase the need for 

) _ 
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technically trained personnel with a knowledge of mathematics. 

Hence, the importance of mathematics in vocational training will 
continue to grow in the future. - 


7. While mathematics in the form of pure mathematics has reached 
dizzying heights of abstraction, it has kept its f«t on the ground hv 

multiplying and extending its applications 


Implications of the Changes in Mathematics for tho 
Mathematics Supervisor 

CARL B. AILENDOERFER 


1. The State supervisor of mathematics should be: 

, A missionary who exudes inspiration. 

An organiser who can arrange inservioe education. 

A by'wrthority* 0 inflUeD0e8 h “ °° n8titu « nt * through persuasion rather than 

2. In support of the new mathematics programs one may point to 
the professional standing and caliber of the key people and to the 
general agreement of mathematicians on the basic principles. 
^.Unless a teacher has had rather extensive preparation in the use 

of the new teaching materials, it is unrealistic to expect him to use 
them adequately. 

4. The best approach td supervision is to be an advisor and a friend 

ma ^ e , no , cIaim have a11 answers, offer help and support where 
needed, but never tell a school dfttrict what it must do. 


Ntw Media of Instruction 

ARTHUR IALIME 

1. Although the basic elements of the new media of instruction have 
been with us for many years, implementing these devices and tech- 
mques in the educational program is a recent development. 

2. The new media of communication can be used more efficiently and 

with greater educational impact in a school system that is organized 
for team teaching. * " 

3. New schools, in Norwalk (Connecticut) and elsewhere, are being 
designed to provide suitable facilities for team teaching and for 
effective use of the new media of instruction. 
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4. The following principles are basic to the team-teaching program 
in Norwalk: , , 

The Bile of the inctructional group is determined by what is to be learned. 

New careers having increased prestige.and salaries are possible through team 
teaching. ’ 

The plan of instruction should provide for the most effective 
teacher’s capabilities. 

Some learning can be effectively acquired through automated 
All teachers need not engage in certain administrative and clerical 

The Role of the Supervisor ie developing Curriculum 

VERYL SCHULT 

1. Although the published literature assigns little responsibility to 
supervisors for ouijiculum development, they are as a matter of fact 
deeply involved in this work. 

2. Suggestions for developing a mathematics curricul um are: 

Set up a general advisory committee. 

Create an Awareness of the need for curriculum work. 

Organise a planning or steering committee. 

Coordinate the work of all committees concerned with the mathematics 
curriculum. 

Appoint a production committee. 

Reproduce and distribute copies of the tentative course. 

Arrange for inservice education in connection with the tentative course. 

Plan to evaluate pupil achievement. » 

Revise the production committee's tentative course. 

Print the new curriculum guide, and in the process use an artist's services. 
Distribute the new curriculum guide. 

Promote good pubUe relations for the new curriculum. 

Actually use the new curriculum guide in the classrooms. 

Enluatitn of tin Niw Mathematics Programs 

DONOVAN A. JOHNSON 

1. In order to render value judgments on curricular proposals, 
certain criteria are needed as guidelines. Criteria based on the fol- 
lowing disciplines are suggested: mathematics, psychology, pedagogy, 
philosophy, and pneasurement. 

2. Since the students’ future needs cannot be known with certainty, 
mathematics instruction should emphasize flexibility, procedures, and 
broad principles, rather than specific facts. 



6 LEADERSHIP ROLE OF STATE SUPERVISORS OF MATHEMATICS 

3. If learning is to take place, the students must be ready, willing, 
and able to learn; and they will learn only if they react, respond, or 
participate. 

4. A danger in the current revolution in mathematics is that it may 
go too far, confronting students with a degree of abstraction beyond 
their mathematical maturity and resulting in bewilderment and 
revulsion against mathematics. 

5. Curriculum groups should identify the specific .competencies needed 
in business, government, and citizen activities, as well as in science 
and mathematics A list of these competencies would provide a 
partial basis for judging the adequacy of a given program. 

6. True evaluation of a mathematics curriculum is a synthesis of 
many factors, including the judgment of specialists, a comprehensive 
testing program, and research. 


How tbo Stats Supervisor Can Stimulate Local Leadership 

JAMES H.ZANT 

1. The classroom teacher is the key person in bringing about real 

improvement in mathematics teaching. •* ' 

2. State supervisors of mathematics have a twofold obligation: to 
cause teachers to want improvement in mathematics education and to 
provide opportunities for them to lean the necessary new materials. 

3. The National Science Foundation Summer Institutes might give 
participants an opportunity to plan new ways of presenting the new 
content in their teaching the following year. 

4. An often c verlooked source of personnel for staffing inservice 
programs is the large number of teachers who attend NSF Academic 
Year Institutes. 

5. Appropriate recommendations from a highly respected Statewide 
committee on mathematics may be effective in improving the pre- 
service education of mathematics teachers. 

6. New textbooks must be examined critically to make sure that new 
concepts are an integral part of the content rather than just a super- 
ficial addition to the old text. 

7. The State supervisor must be a competent professional person: 
he' must know the materials available, and he must be able to command 
the respect of teachers, administrators, and college mathematicians 
in {iis State. 
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How the State Supervisor Can Promote Preservice and Inservice 
Education for Mathematics Teachers 

BERNARD H. GUNDLACH 

1 . The State supervisor of mathematics should make available new 
texts and teaching materials to educational personnel concerned with 
mathematics programs, lay the groundwork for the introduction of 
well-organized inservice and preservice education programs for all 
mathematics teachers, K through 12, and organize a permanent pool 
of key resource personnel who will be capable of lending professional 
assistance to every classroom unde^ their jurisdiction. 

2. The essential features of a revised mathematics curriculum are its 
content and teaching approaches. Although the preparation of* 
teachers in the new content is difficult, the preparation of various 
teaching methods is equally challenging. 

3. Because technology and mathematics are changing rapidly, we no 
longer can be sure that Jte present mathematical tools will be adequate 
to solve the problems of the future. . Instead of teaching our students 
only how to use mathematical tools, we must also teach them how to 
make their own mathematical tools for the problem situations of the 
future. 

4. Rote learning and the drudgery of memorization are likely con- 
sequences of the typical teaching of algorisms in arithmetic; they often 
lead to frustration and boredom, both dreadful enemies of inspired 
learning. 

5. Competent personnel are essential for staffing initial inservice 
programs. 

6. Since teachers should always be well informed and up to date 
concerning new developments, some form of inservice education will 
most likely become a permanently established feature of all modern 
school systems. 
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The Rol* of tin State Supervisor io Encouraging Research and 
Implementing Rosea eh Findings 

JOHN KINSELU 

1. Several practices, all too common in educational research, need to 
be changed: 

The assumption that representativeness implies randomness of the sample 

The use of sensitive high-powered statistical methods on measures of verv 
low reliability. 

The assumption that if a difference is statistically significant, it is important 

2. Some Questions about mathematics teaching to which answers may 
be found through kinds of research yet to be devised are the following : 

What effects do new instructional media have on mathematics teaching? 

What methods most effectively predict success in mathematics? 

What factors create enduring interest in mathematics? What factors 
discourage and/or destroy such interest? 

What are the leadership potentialities in using institute participants as 
resource persons for inservice education programs? 

" hat *re the State-to-8tate and national results of teaching the evolving new 
methods to students who vary greatly in ability? 

What are the best procedures for preparing teachers to teach the evolving 
new mathematics? 

3: Some selected research findings^* important areas of mathematics 
education are the following: 

Classes taught with emphasis on meaning, understanding, and discovery 
showed better retention and transfer of learning than did claves taught 
by more traditional methods. Early reports on the results from some of 
the new programs in mathematics, indicate: (a) certain mathematical con- 
cepts can be taught much earlier than usually considered possible; (b) some 
of the subject matter of the new mathematics can be learned by a high 
percent of students who have taken it. (Most studies show that 
students acquire about the same amount of knowledge from television 
instruction as from traditional instruction.) 
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The Changes Taking Place in Mathematics 

IRVING ADLER 


T HIS CONFERENCE is part of the vigorous movement now under 
way to reexamine and modify the teaching of mathematics. The 
avowed purpose of this movement is to bring the teaching of mathemat- 
ics up to date by taking into account the changes that have taken 
place in mathematics. It is necessary to begin, then, by surveying 
the nature and significance of these changes. This is not the first 
such survey, nor will it be the last. The improvement of mathemat- 
ics instruction is a continuing process. Those who participate in 
this process must keep turning their heads to look repeatedly, now at 
mathematics, and now at the schools. I hope that in taking a new 
look at the new mathematics .today we may have the basis for some 
fresh insights into what must be done to make the teaching of mathe- 
matics more effective. 

What are the distinguishing characteristics of contemporary mathe- 
matics? It seems to me that there are four. I would describe them 
as follows: (1) Contemporary mathematics is classical mathematics 
grown mature. (2) Contemporary mathematics is classical mathe- 
matics grown self-conscious and self-critical. (3) It is also modern 
mathematics, which developed as a more efficient way of dealing with 
the content of classical mathematics. (4) Finally, contemporary 
mathematics is mathematics that is more and more intimately related 
to man's activities in industry, social life, science, and philosophy. 
We shall examine each of these four characteristics in turn. 


* 

Classical Mathematics Grawa Mature 


Classical mathematics may be described as the study of number 
and space. The study of number became arithmetic, algebra, and 
analysis. The study of space became geometry. We shall note and 
comment on six aspects of the growth to maturity of classical mathe- 
matics. 



V , 

We no longer have just one number system. We have many num- 
ber systems. The pluralization of the concept of number system 
developed in two ways. 


t 


li 


v *2 leadership role or state supervisors of mathematics 

First, there was a steady expansion of the original number svBtem 
of everyday use. At first the only numbers known were Lite natural 
numbers, used for counting. The requirements of measurement led 
• to the introduction of rational number*. Geometric theory led to 
the introduction of iriafional numbers, and algebraic theor'y led to 
the introduction of negative number and complex number*' If we 
rewgnize as a number system any set of number* that is closed under 
addition and multiplication, subject to the usual associative com- 
mutative, and distributive laws, then we see that the expansion of 
the number system has given us five number systems, one within the 
other. We have the system of natural number* within the system of 
integers, within the system of rational numbers, within the system of 
real numbers, .within the system of complex number*. 

Second, more number systems were Introduced in the course of the 
devdopment of arithmetic and algebra. Initially, the concept of 
number systems was modified and elaborated through the introduc- 
tion of the concepts of group, ring, field, and vector space. Also 
many new stru#ures were discovered, similar to number systems in 
the sense that they too were groups, rings, fields, or vector spacro 
tor example, the set of all permutations of n objects is a grdup where 
plantations are “multiplied” by_performing them one after the 

fi u J he 861 °! nU " lber9 a + 6 v2 - whero a and b we rational, is a 
field. The set of residue classes, modulo m (where m is an integer), 

is a ring. It is a field if m is a prime number. The set of all 
polynomials with real coefficients is a ring. If p is a prime, and a is 
a power of p, then the set of *all roots, modulo p, of the equation 

X 0, is a field. The set of n-by-n matrices, whose terms are 
complex numbers, is a vector space over the complex field, etc 
Additional systems, something like number systems, were also 
discovered in other area* of study. In the study of logic, an algebra 
of proposiUons was developed in which disjunction played the role of 
addition and conjunction the role of multiplication. In the study of 
the theory of sets, an algebra of subsets of a set was developed in 

which union played the role of addition and interaction thVrole 
of multiplic&tion. 

An incidental, but important, result of the refinement and plurali- 
aation of the concept of number system was that we finally learned 
how to ask a question sensibly in algebra. We had formerly looked 
for roots of an algebraic equation without knowing exactly what we 
were iookmg for. Consequently, we weren't quijte sure whether we 
could beheve m the results. For example, some mathematicians, 
bke Descartes, used to reject complex roots as meaningless. Now 
we are very specific in formulating our questions unambiguously 
We specify a domain in which a problem is defined and in which wi 
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answer is sought. For example, we map say, “Given an algebraic 
equation with coefficients in the real field, does it have roots in the 
real field? Does it have roots in some extension field of the real 
field?” 

i 

2. CkMft frm Qtmmtrj Is Gwaatrtos 

We no longer have just one geometry. We have many geometries. 
The pluralization of the concept of geometry developed in two sepa- 
rate ways. W e found that there are other spaces besides the tradi- 
tional three-dimensional Euclidean space. We also found that there 
are,many geometries within any given space. 

The attempts to prove the parallel postulate led to the recognition 
that there is a space (Lobatachewskian) that -satisfice all the axioms 
of Euclid except the parallel postulate. Thus, we got two geometric 
spaces, Euclidean and non-Euclidean, instead of one. Then Riemann 
gave us an infinite number of spaces when he demonstrated that a 
space can be constructed by using any one of an infinite number of 
quadratic forms to define a metric on a manifold. More spaces were 
obtained by recognizing the validity of spaces of n-dimensious, where 
n is any positive integer. 

In the st^dy of Euclidean space of three dimensions many separate 
geometries emerged. One is the geometry of congruence and a second 
the geometry of similarity. In addition . the geometry of incidence 
relations (projective geometry), the geometry based on concept* of 
nearness and connectedness (topology) and many others, such as in- 
version geometry and affine geometry. 

t MUn rf tht Cwnpb if Nnfear art Spaa 

The separate disciplines of algebra and geometry converged towards 
each other and joined in Cartesian geometry. This resulted in a 
fusion of the notions of number and space. The real number system 
is nothing but a Euclidean plane. Algebraists, of course, would pre- 
fer to say it the other way around. 

t Dswtapmttf A*r* 

Various concept* and techniques based on the idea of limit were 
introduced into mathematics. These include such notions as continu* 
ity, lb® sunt of an infinite series, and derivative (which is a limit 
of a sum). The development of analysis led to a new dichotomy in 
the subject-matter of mathematics to replace the old one of number 
versus space. We recognized that the number system (real or com- 
plex) has an algebraic aspect, found in the properties of the opera- 


14 LEADERSHIP ROLE OF STATE SUPERVISORS OF MATHEMATICS 


Lions addition and multiplication, and a topological aspect based on 
the concept of nearness and which underlies all considerations of con- 
vergence. These two aspects of the number system, can be studied 
separately or in combination. 


t 


A more and more general concept of function lias developed gradu- 
ally. The first functions employed were algebraic functions. The 
study of trigonometry led to the introduction of the circular functions. 
Calculus contributed the logarithmic function (the integral of difz) 
and its inverse, the exponential function. The pendulum problem 
contributed elliptic integrals and functions. The theory of heat con- 
tributed functions defined by Fourier series. Experience with many 
functions ultimately led to recognition of the fact that a function 
need not have a derivative, and does not even have to be. continuous. 


t 


A functional is a special kind of function: Its domain is a set of 
subsets of a space; its range is a set of numbers. A .typical example 
of a functional is a line integral. Our common measures of length, 
area, and volume are also functionals that assign a number to a set 
of points in Euclidean space. The study of physics introduces other 
functionals such as mass, electrical charge, etc. 

A special branch of mathematics, the calculus of variations, deals 
with the problem of maximixing or minimizing the value of a func- 
tional. It tells us, for example, that a plane figure whose perimeter 
has a given length has the maximum possible area if its perimeter is a 
circle. 


The tumultuous growth of mathematics during a period of 
over two thousand years produced a great superstructure resting on 
a very shaky foundation. During the second half of the 19th century 
mathematicians undertook a systematic analysis of the foundations 
of mathematics in order to plug the holes that had developed. We 
note some, of the questions that they raised and answered. The 
answers to the?? questions have helped to give contemporary mathe- 
matics its characteristic flavor. 

1. WMbaNmiirr 

Weird numbers like the square root of 2, or the square root of -> 1 
had been introduced as a convenience. What did they really mean, 
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and why were they 'legitimately celled numbers? The answer to 
this question was supplied by what we may call ‘Operation Boot- 
strap”, the constructive definition of larger and more adequate num- 
ber systems with the help of the smaller and leas adequate ones. The 
natural numbers are used to construct the integers; the integers 
are used to construct the rationale; the rationale are used to 
construct the reals; and the reals are used to construct the complex 
number system. At each stage of the construction, it is proved as a 
theorem in the smaller system that the larger system that has been, 
constructed really exists. Tlus removes once and for all the mystery 
that lurked in the shadows of our earlier vague notions of the irra- 
* tional and the imaginary. 

t Wtattsi ■ — 

a 

This question had plagued mathematics since the days of Zeno ajyl 
his famous paradoxes. The Dedekind-Oantor theory’ of i nation nig 
supplied the answer. Developing this theory required excursions 
into the theory of point sets. 

lWtothU *ftr? 

The concept of infinity crept into mathematics through many doors. 
It entered in the form of the infinite divisibility of the Euclidean fine. 
It also entered in the form of the infinite extensibility ( of the Euclidean 
line. It popped up again in infinite series and the definite inte- 
gral. Riemann cleared up one confusion by making the distinction 
between unbounded and infinite. Cantor finally brought infinity 
under control by developing the theory of sets and of transfinite 
numbers. The theory of seta had its own troubles in the form of ap- 
parent contradictions. But these were ultimately eliminated by ex- 
cluding from consideration such unmanageable ideas as "the set of 
all sets." 

IWMItaVWMtor 

For some time mathematicians relied op/the rather meaningless 
answer that a variable was a number that changed while it was under 
discussion. A tatter and more meaningful answer came from the 
further development of the science of logic: A variable is merely a 
dummy that may be replaced by any element of a given set. Closely 
.._ related to the concept of variable is that of an open sentence. An 
open sentence is a sort of printing press for printing a lot of statements 
that have the same form. A statement ia produced by the open sen- 
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tence through replacing each variable in it by some element selected 
from a specified set. 


1 What lit FMcttNt 

In the happy days of the past all the functions people ever had to 
use were represented by well-behaved analytic expressions. This led 
to naive notions of what a function is when based on the use of formy- 
las or graphs. But then pathological cases began to arise, such as ft 
continuous function that had no derivatives or a continuous function 
whose graph filled a square. The concept of function was finally 
clarified when it was defined in its most general form on the basis of 
the theory of sets: A function is a mapping of one set of elements into 
another set of elements. Or, alternatively, it is defined as a particu- 
lar land of subset of the Cartesian product of the domain and range. 
An incidental result of the perfected concept of function is that many - 
If" mined functions have been banished from the realm of legitimate ideas. 
1 ' By definition, every function is single- valued. 

1 WMItnMinfT 

The . first w«e integrals of continuous functions over a 

finite interval. It soon Decani e necessary to extend the concept of 
integrability to make room for integrals of discontinuous functions, 
such as step functions, and for integrals over the infinite real line! 
Lebesgue raised the question of how far we can generalise the concept 
of integrability and of integral, and answered it by developing the 
theory of measure and the Lebesgue integral. Underlying the theory 
of measure is the concept of a tneasurable space defined by means of a 
«-ring of subsets of the space (a ring closed under differences and 
denumerable unions). Measure theory now provides a rigorous 
foundation for the theory of probability. 

' ’Np 

7. WMbiteMtryT 

Felix Klein answered this question with the help of the concept of a 
poup of transformations. A given space can be mapped into itself 
in many ways. Of particular interest are those mappings or transfor- 
mations that are one-to-one and have the entire space as range. The 
set of all such one-to-one into transformations is a group. For each 
subgroup of this group it is possible to consider questions such as 
these: What figures in this space are mapped onto each other by the 
transformations of the subgroup? What properties of these figures 
remainjmchanged when the figures are transformed? 
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Klein- proposed the fruitful idea that the atudy of such questions 
for any subgroup constitutes a geometry. Thus, there is a geometry 

^uTLVZ y ,° a 7l th T ,UbgrOUp8 °' the ,ul1 ^foraiation 

group. On the basis of this idea it is possible to set up hierarchies of 
geometries. When the group of one geometry is a subgroup of thl 
group of another geometry, the latter geometry is more^L than 
e former. The theorems of the geometry determined by the larger 
group become theorems of the geometry determined by the smaller 
group. For example, the geometry of similarity in Euclidean geometry 
elongB to a particular group of transformations of vector space The 
geometry of congruency belongs to a subgroup of that group.' The 
theorems about similar figures also apply to congruent figures. That 

W * SJT 1 ° f 8imilaFit y- One of the most beautiful 

f ml app ^ ch 8tudy of seoraetry *as Klein's demon- 
^ n j^ m ° f . the e *f. U5nce ? f ^ Euclidean geometry and non-Euclid- 
ean geometry within projective geometry. 


Euclid s Elements undertook the task of developing geometry as a 
deductive system, in which all theorems are derived from explicitly 
stated postulates. Euclid did his work so well that the Element* 
became themodeUnd the inspiration for other postulational systems 

ZLuT ° f FT example,' TjTn' 

Sp,n °“ 10 write “•'«**» « > sequence 

£ a^TTv a, ,UU,d M8um Ptions and appro- 

pnate definitions. Nevertheleaa, the model itself ip imperfect as a 

po.tulat.onal .fracture. Euclid injected circukr reaeoJhng in the 

wlT„ 0 hiT,i f •“P'JP'XiUon, and he left a big gap in the .tractors 
when he faded to deal with relations of order. Thew defects were 
greeted m HUberfs rndorne for Euclidean gwmetry. Many other 
ways of axiom, .nog Euclidean geometry are possible. Birkhoff has 
prepued a set of axioms that uses lenptA of a fine and onpfe meoeura as 

E^nd*"' , Pr “ owiU h * e P^pa'ad another set of axiom, 
budt around the notion of a romax sef. The latter two sets of axioms 
nave been offered as haring the advantage of leading to a rigorous 

• ere op . n t of Eut^dean geometry that is simple enough to be within 
the grasp of high school students. 

I have described eight areas in which mathematics has subjected 
itself to searching self-criticism in order to build a rigorous foundation 
or its elabora te superstructure. It you reexamine what I have said 
about eachof these eight areas you will find that I had to use the word 

m order * de8crib « what was done. All avenues of investiga- 
tion of the foundations of mathematics converge towards set theory 




— -r* 
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In a systematic deductive development of mathematics all construc- 
tions radiate out from set theory like the spokes of a wheel from a hub. 
Set theoretic concepts are as necessary to mathematical discourse 
today as common nouns are to ordinary discourse. The 'analogy 
invoked by this remark, by the way, is not a superficial one, in view 
of the fact that every common noun defines a set. 


Modem Mathematics 


Modern mathematics is the direct result of the multiplicity of 
spaces and geometries and the multiplicity of algebraic structures 
developed by classical mathematics. Modern mathematics is to 
classical mathematics as elementary algebra is to elementary arith- 
metic. Elementary arithmetic deals with many numbers in the real 
number system, but its statements are always assertions about 
relationships connecting specific numbers. Elementary algebra, on 
the other hand, by using variables, has a way of making assertions 
that are valid for many numbers or even for all numbers in the real 
number system. For example, whereas arithmetic ) may say 
2+3=3+2, algebra will say z-\-y—y-\-z. Similarly, while classical 
mathematics deals with many different mathematical structures, its 
typical approach is to study relationships in one structure at a time. 
Modem mathematics, on the other hand, studies at one stroke the 
properties of all structures of a particular type. Thus, while r.laaaipAl 
mathematics may study the real number system, which happens to 
be an ordered field, modern mathematics will study ordered fields in 
general. Naturally, whatever is discovered about ordered fields in 
general will apply to the real number system in particular. 

The purpose of modem mathematics in dealing with many struc- 
tures at once dictates the form that it takes. Modem mathematics 
is necessarily axiomatic, deductive, and abstract. It defines a type of 
structure, such as a field, as a set of elements and relations satisfying 
certain axioms. As in Euclid’s axiomatic treatment of geometry, it 
deduces theorems from axioms. The treatment is abstract in the 
sense that no meanings are attached to the terms and the relations 
used in the axioms other than those express od by the axioms them- 
selves. Thus, in a topological space, a point should not be understood 
as something that can be represented by a dot on the blackboard. 
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It is merely an element in a set having special subsets known as open 
sets that satisfy certain axioms. 

The advantage of the abstract approach is that one abstract struc- 
ture may have many concrete representations. By not being tied to 
one interpretation of the terms, we are free to use many interpreta- 
tions. Thus, some topological spaces have points ttyat are points 
of elementary geometry, others have points that are the lines of 
elementary geometry, and still others have points that are functions. 
Similarly, there are many possible interpretations for the points of a 
projective plane: They may be interpreted as the points of a Euclid- 
ean plane to which the ideal points on the “line at infinity” have been 
added, or as the lines in a bundle of lines through a point in Euclidean 
3-space, or as certain equivalence classes of triples of numbers. 

1 Alpfenk StracfcrwVvws Spam 

Some of the abstract structures of modern mathematics are referred 
to as algebraic structures. Others are referred to as spaces. What 
is the distinction between them? An algebraic structure is defined by 
means of operations analogous to addition and multiplication, 
satisfying certain axioms. Groups, for example, are defined in terms 
of one operation, and rings and fields are defined in terms of two 
operations. A space, however, is defined by means of certain dis- 
tinguished subsets that satisfy particular axioms. Thus, a projective 
space is defined in terms of subsets called lines, a topological space 
in terms of the subsets called open sets, and a measurable space in 
terms of subsets called measurable sets. 

t 

4. Maqr Syrian 

At one time the geometry of Euclid was unique in being axiomatic 
and deductive. Now all mathematical structures are axiomatic 
and deductive. One of the arguments for teaching Euclid in the 
high schools used to be that it Was the best vehicle for introducing 
young people to a deductive system. This argument is no longer, 
valid. To introduce young people to deductive systems, we now 
have many deductive systems to choose from. We don't have to 
wait for the 10th year to do it, and we don’t have to restrict deductive 
reasoning to the study of geometry. 

I. FiwFwr taMpfeasti Maqr MmNnb 

A characteristic of modern mathematics is its attempt to he as 
general as possible. A modern mathematician is not content with 
proving a theorem by means of given axioms. As soon as he has 
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proved the theorem, he tries to gee how many axiom* he can leave out 
and *^ prove the theorem. He trie* to find out how much he can 
weakeft hu anoms and .till be able to prove the theorem. In ahort 
he i* never happy merely with finding sufficient condition, for hi.’ 
theorem. He want, to know which condition, are also necenarv 

th ® weakeet PO-Me set of assumptive 
find, the broadest domain to which the theorem applies. 


The mod^ mathematician' is concerned with whole structures 
rather than individual member, of the .tructure. His typical tech- 
t ue for studying a strycture is to map one structure into another. 
Naturally, a central role is played by the structure-preserving map- 
pings known in general as ‘liomomorphisms,” and as “isomorphisms” 
if they are one-to-one and onto. Thus, the algebraist uses mappings 
that put sums into sum. and products into products. The student of 
projective geometry uses mappings that put lines into tine, (colline- 
ations). The student of topology use. mappings that put open sets 
into open sets (open mappings), or more frequently, mappings for 
which the inverse image of an open set is an open set (continuous 
mappings). The student of measure theory use. measurable functions, 
v which the inverse image of a measurable set is a measurable 


i. 

The modern mathematician often uses a classical mathematical 
structure as the starting point of his investigations. He analyses 
the structure to isolate from it certain separate qualities. He studies 
these qualities in abstraction in separate structures. Then he puts the 
structures together in various combinations. Thus, he finds that 
the real numb** system may be viewed as a group, a ring, a field, 
en ordered set, a topological space, etc. So he studies abstractly 

ardered ,* et *' topological spaces, etc. Then 
i • t ^“» uch things as topological groups, topological rings, topo- 
logical fields, ordered fields, etc., in which two structures are combined 
into out. 

After he has found many qualities in a given structure, the modern 
mathemariman is often particularly intewoted in finding out bow 
»imy of these qualities he must put together to obtain the original 
whittle. For example, the real number system has these properties : 

V. if ***** b“ two operations 

(called addition and raui t ipBoa t i o n) that are associativa and tom - 
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mutative and the multiplication is distributive with respect to addi- 
tion. (6) It is an extension of the rational number system. ( e ) It 
is ordered. ( d ) It has the property that any nonempty set in ,it 
having an upper bound has a least upper bound. The interesting 
thing about these properties is that they characterize the real number 
system. Any system that has these four properties must be the real 
number system (that is, is isomorphic to it). 

ITIsMinsMN 

Since we have stressed the advantages of the formal deductive 
approach of modem mathematics, it is necessary to say something 
about its limitations. Nol all mathematics is formal and deductive. 
In the first place, mathematical discovery is not deductive. The 
research mathematician who gropes his way towards new theorems is 
fPiided ^ analogy, hunches, trial and error, and flashes of intuitive 
insight. It is only after he has made his discoveries that he uses 
hindsight and shows how he could have arrived at his conclusions most 
economically by deductive reasoning. 

In the second place, a deductive system is incapable of supplying 
the justification for its acceptance as a legitimate mathem atical 
system, A mathematical system is legitimate only if it is consistent, 
that is, free of contradiction. A proof of the c onsistenc y of a system 
may be developed as a theorem of ra etama thema tics (reasoning oAowf 
the mathematical system, but not in that system). But the validity 
of the proof depends on assuming the consistency of the system of 
axioms underlying the m etama thema ticAl argument. In the case of a 
system inclusive enough to contain the natural numbers of arithmetic, 
this assumption means ta kin g more for granted than does the assum- 
tion that arithmetic itself is consistent. This fact follows from Gddel’s 
theorem that such a consistency proof requires rules of inference ev en 
stronger than those of arithmetic. Thus the problem of (moving the 
consistency of arithmetic is net solved, but merely shifted to other 
ground. For this reason, it is common practice to follow two pro- 
cedures to establish the consistency of a deductive system. One 
procedure is to prove only rstetuw consistency. For example, it is 
pebble to prove that non-Euciidean geometry is consistent 
Euclidean geometry is consistent. The second procedure is to prove 
the absolute consistency of a system by producing a concrete repre- 
sentation of it. But this, of course, involves an appeal to intuition. 
In constructing mathematical systems we cannot exclude intuition 
entirely. We can only restrict thq area in which we mutt lean on 
intuition. 
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Even if we could do without intuition in creating mathematics, 
it would be folly to try to do without it in teaching mathematics. 
I am sure that all of you must have had the experience that I have 
often had of following a deductive argument, step by step, and ending 
up not knowing what it was that had been proved. While a deductive 
argument may show us where one tree stands in relation to another, 
an intuitive argument is often the best way of seeing the woods that 
are made up of all those trees. 

While we stress the limitations of deductive argument, let us not 
forget, meanwhile, the limitations of intuition. Intuition is a useful 
guide, but sometimes an unreliable one. Iset us remember that 
intuition misled some 18th-century mathematicians into saying that 
the infinite series 1 — 1 + 1 — 1-K . . has a sum equal to %. What 
is "discovered” by intuition has to be checked by rigorous deductive 
argument. 


Mathematics in the form of an axiomatic deductive system has 
sometimes been described as a game. The mathematician, it is said, 
makes up the rules of the game in the form of axioms. Then he pro- 
ceeds to play the game according to the rules. Some people have 
gone beyond this assertion to say that mathematics is only a game, 
played without regard to any possible applications. This assertion 
is not correct. It is true that the pure mathematician should be 
free to explore in any direction his curiosity carries him. But his 
choice of the rules of his game is not entirely arbitrary. He tries to 
select rules that he and his colleagues will judge to be significant. 
And the measure of significance is usually the extent to which the 
rules relate to existing mathematical structures and to practical 
applications. 

Pure mathematics has benefited greatly by growing up in intimate 
contact with practical applications. To see the truth of this state- 
ment we need only recall how the theory of elliptic integrals and 
functions grew out of the pendulum problem, how Fourier series 
grew out of the study of heat, how the study of Riemannian ^ ometry 
was stimulated by relativity theory, and how the study of Hilbert 
spaces was encouraged by quantum-mechanics. The greatest mathe- 
maticians have always combined dedication to pure mathematics 
with a strong interest in its applications. This is shown for example 
in the work of Gauss, Klein, Poincare, Weyl, and Von Neumann, to ' 
mention only a few. 
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It. Bmrti Hrwtt tpwMto— i 

The growth of modern mathematics has led to increased special- 
ization. Specialization leads to a fragmentation by subdivision of 
subject matter. At the same time, however, there is a growing 
unification of method. Set-theoretic methods permeate all of modern 
mathematics. Algebraic methods reach out into topology. Topo- 
logical methods are used to deal with problems in analysis, etc. 
For example, in algebraic topology, essentially geometric configura- 
tions are studied by the examination of associated groups. The 
typical technique is to set up a sequence of groups such that each 
group is mapped homomorphically into the next one in the sequence. 
Now this algebraic technique, developed originally for the study of 
topology, has been generalized and axiomatized in homological algebra 
aifd has become a technique of abstract algebra. Another interesting 
example of the trend towards unification is found in the way an 
existence proof in the theory of differential equations can be derived 
from a fixed-point theorem in topology. 


One fact, implicit in what I have said about modern mathematics, 
should nevertheless be stated explicitly. Modern mathematics does 
not replace classical mathematics. It generalizes it, supplements it, 
unifies it, and deepens our understanding of it. But classical mathe- 
matics in the form of arithmetic, analysis, and geometry is as impor- 
tant as it ever was. 

12. Snfcsr CMtoapwarr MaNmaia 

I would like to comment at this point on some aspects of the strategy 
of contemporary mathematics that are important even though not at 
all new. The mathematician uses some of his typical methods in 
classical, as well as in modern, mathematics. These methods are 
worth noting here because the mathematician uses them in eletnentary, 
as well as in advanced, mathematics. 

a. After defining a structure or a configuration of which there may be many 
example*, the mathematician frequently set* himself the task of identifying 
and classifying all the possible examples. Tor instance, algebraists are 
trying to identify and classify all finite groups. They have solved the 
classification problem for finite commutative groups. They have only 
scratched the surface of the problem' for finite groups in general. Classifi- 
cation is often accomplished by picking out a set of simple eases and then 
expressing all other cases as combinations of the simple cases. For example, 
finite commutative groups are factored into products of cyclic groups. In 


24 LEADERSHIP SOLS OF STATS SUPERVISORS OF MATHEMATICS 




H r y 

I arithmetic, integers are expressed as products of primes. In {dans geometry, r 

I polygons are decomposed into triangle*. 

I b. Classification is often accomplished by dividing the set of things being 

I studied into equivalence classes and then showing that each equivalence class 

I contains one and only one element of a special type. This is the technique 

I of rsdactn# to canonical form. In elementary algebra, for example, we reduce 

I * polynomials to the canonical form a»z" + . . . + «. In arithmetic we reduce 

I . fractions to the canonical form called “lowest terms”. 

I c. Sometimes we pick out a set of simple cases and show that although other 

I cases cannot be reduced to these simple cases, at least they can be approxi- 

I mated by them. Approximation theorems occur hi many branches of 

I mathematics. In the theory of numbers for example, there is a theorem 

I that every real number can be approximated as closely as we please by a 

I rational number whose denomi n ator in not too big. Specifically, it says 

I that if s is real and if f is a positive integer, we can find integers x, y such 

| that Jx— ay|<y with 1 <>y £f. In the theory of functions of a real variable 

I we have the Weierstraas theorem that any continuous function on the dosed 

I segment from 0 to 1 can be approximated by polynomials. In algebraic 

I topology, compact metric spaces are approximated by finite poiyhsdra. In 

I elementary calculus and in plans geometry we often approximate a rectifiable 

I curve by an inscribed polygon. 

I d. Sometimes are study a structure by —s in g what happens when are map 

I it into one of a set of simple and well-known examples of that structure. 

I For example, a group is often studied by mapp i n g it into a matrix group. A 

I ring may be studied by mapping H into the ring of endomorphisme of a group 

I (homomorphisms of the group into itself). If we map each polynomial with 

I real coefficient* into its residue dam modulo x*+ 1, are have a homomorphism 

j that can be used to prove that the complex number system exfat*, that it fa 

a field, that H contains the real number system as a o ubfidd , sad, of course, 
that it contains a square root of — 1. 

e. We hnvs Just dsacribed four way to whlah the dmpfast cases of a structure 
or configuration are imsd to stody the general eased. There fa one technique 
which uses the oppodte approach. It studies the general eases by paying 
[ particular attention to the exception*!, p s th oi o gim l mss. It fa s n s iogo os to 

the wgy in which psychdogfafs fas re about normal behavior by studying neuroses 
and psyc ho ses. In the theory of functions ef a complex variable, for example, 

. we encounter the dnguler point* of n function. Them am the points where 

the function doesn't behave itself at all, and In fast, may not even be defined. 

Far from ignoring the ringular points, we pay particular attention to them, 
because they have a great fnfiaaoas an the behavior of the function at the 
points near the dngularity. The function behaves to one way near a pole, 
and in a different way near an essential dngularity. fitaaflariy, to the theory 
of gyetsme of ordinary Upper dtf fcmntfal e qu a t io n s, we toad fate our advantage 
✓ to examine the critical point of the system (the piece where all com p o nent s of 
the derivative vanish), b ecau s e the nature of the s o lut ions to Ufa system of 
equations depends on what happens to the n ei g hb o r hood of the critical point. 

In dsmsotary calculus we am a similar approach to help us to curve tracing 
by fint identifying the pa t holog ic al c ams the dtocootinuitias, the m a xima 
end minima, and the points at inftsetioa. 
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f. An interesting feature of many branches of mathematics is the existent* 
of duality. Wherever duality oecurs, a theorem can immediately be trans- 
lated into a dual theorem without any further proof. In projective plane 
geometry, point and line are dual to each other. In projective 3-space, point 
and plane are dual to each other. In linear algebra, a vector space over a 
scalar field and the set of linear mappings of the space into the scalar field 
are dual to each other. In elementary plane geometry there is an Imperfect 
duality of point and line, and a related duality of side and angle in a polygon. 
In spherical geometry there is the duality of great circle and pole. Conscious 
use of duality, where it exists, makes possible the discovery of new relation- 
ships, and affords a deeper insight into the relationships that hold a structure 
together. 


Mrtbwtki Mtn mi Mm latastsfy IWM to Mm's Mlitttsi 

a 

While mathematics, in the form of para mathematics, has reached 
dixxying heights of abstraction, it has kept its feet on the ground by 
multiplying and extending its applications. 


Now, more than ever, it is true that mathematics is the handmaiden 
of the sciences. Before this century the science of physics had already 
made abundant use of mathematics in mechanics, optica, the theory of 
heat, and electromagnetic theory. Analysis used to be the chief 
mathematical tool of the physicist. Now, with the development of 
relativity theory and quantum -mechanics , he has had to learn Rieman- 
nian geometry and modern algebra. The increasing role that chance 
processes {day in physical theory compels him to learn probability 
theory aa well. 

No area of science today can avoid using mathematical methods! 
For example, mathematics has spilled over from physics into the 
physical sciences of chemistry and geology. It has invaded the life 
sciences of biology and psychology, and has expanded into the social 
sciences too. 


With the growing complexity of industrial and business life, industry 
and commerce have raised more and more questions that can he 
answered adequately only by the use of mathematical methods. In- 
surance and petuion systems nee actuarial mathematics. Industries 
undertaking quality eontrol ms statistical methods. Commercial 
establishments choose from among alternative courses of action with 
the help of linear programming. Military strategists plan their 
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moves with the help of the theory of games. Communications 
engineers use information theory and Boolean algebra. 


t torn* om j - 

To deal with complicated- problems at high speed, automatic 
electronic computers have been constructed. Mathematicians share 
in the designing of the computers and in setting up their programs 
Because of the widespread use of computers, logarithms have lost their 
importance as a computational tool. 




To meet the new demands made by science, industry, and govern- 
ment, mathematics has had to grow in new directions. There is a 
vigorous development of the theory of differential equations, and 
methods of solving them by means of computers. There has been a 
tremendous growth in the theories of probability and statistics. Xew 
areas of study like linear programming, the theory of games, and 
information theory have sprung up over night. 

The spread of automation in industry is changing the character of 
the labor force. The tendency is to reduce the amount of unskilled 
and semi-ekilled labor that is used, and to increase the need for tech- 
nically trained personnel with a knowledge of mathematics. The 
importance of mathematics in vocational training will continue to 
grow in the future. 

r 

The production of food, clothing, and shelter has never been man’s 
sole concern. He has always found it necessary to ponder over deep 
questions about man’s relation to man and about his place in the 
universe. Even these questions have now taken on a mathematical 
character. I shall refer to only two obvious examples. 

For thousands of years philosophers have had endless debates 
about the meaning of infinity. It is impossible to talk sense on this 
subject without taking into account what mathematics has contributed 
through the theory of the continuum and transfinite numbers. In 
the past, philosophers have speculated about the nature of space. 
Is it finite or infinite? Is it bounded or unbounded? It is 
to talk sense about these questions too without taking into account 
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what Riemannian geometry has pontributed through the theory of 
relativity. Xlathematics is increasingly important as an essential 
ingredient of a liberal education. 

In this conference that opens today, you will be discussing ways 
to adjust mathematics teaching to all the changes that have taken 
place within mathematics as a pure science and the many uses of 
mathematics in the world of work and the world of thought There 
can be no doubt that because of your efforts here this week our schools 
will make considerable progress in this direction. 


Implications of tto Chaps la Matbomatics for th Rolo of tbo 

Mathmatics S opon lso r 

CARL a. ALLEMDOERFER 

Qnb of my most eenous professional weaknesses is a willingness u> 
w apeak in public on subject* with which I have had relatively little 
peraonal experience. Although I am quite doae to the changing eoene 
m school mathematics, I know hardly anything about SUto super- 
naora of mathematic*. I have met some of you at other conference* 
in an informal way, but I know very little about your actual dutiea 
and activities. We have no Sut* supervisor of mathematic* in 
a^ngton froni whom I could get a briefing in preparing this paj*F. 

aeW^L 0U T hkn u l hftV<, ‘ n dOSe U>uch ^ man * of the 
s<hoo diatncU in the Sute of Washington, for their people have a 

right to look to the mathematics department of their Sute University 
for leadership and assistance. I have met with school boards, super- 
intendent*, principals, teachers, parent*, and pupils, and 1 have a 
reasonably good idea of their problems. Probably the Sute of Wash- 
ington does not present precisely the same problems a* those which 
you meet in your own Sutes, and consequently some of my remarks 
may not fit your particular situation. You should listen to me then 
as if the title of my paper were “How I would like to see a supervisor 
of mathematics function in the Sute of Washington." Lhope that 

a paper with this more limited scope may still be of some use to all 
of you. 

The functions of such a Sute supervisor may be indicated by four 
jwords: information inspiration, inservice education, and humility. 

The first three of these imply duties and the fourth is an-attitude 
L#t us discuss these in turn. 


* 

When I meet with groups of mathematicians on the national level 
I can easily get the impression that the revolution in mathematics 
is an accomplished fact. JSveryone at these meetings knows all about 
the Commission on Mathematics, 8MSG, UICSM, the Ball Sute 
project, the Madison project, and so forth. We are prepared to dis- 
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cum the difference* among thee© programs, their relative merits, 
possible advances hey on d them, and how well our students are doing 
in them. When we get bach home, however, we will probably find 
the situation quite different. In the first place, many members of 
university faculties are not fully informed about this movement 
With certain outstanding exceptions, school districts have only heard 
rumors about a change and are badly confused In some of these 
districts there in <* teacher who h ns attended a summer institute, or 
a principal who has got the word, or some parents who have heard of 
Cuisinaire or a curriculum supervisor who has attempted to get things 
off the ground, riut there is often a lack of the deep understanding 
which must be spread through every level of administration and in- 
§ traction of the school system. 

When I am called upon to meet with representatives of such a 
school system, it is dear that my first job is to give them a very 
large amount of factual information. The objectives and the nature 
of the reform movement must be explained in words that carry 
meaning to the particular audience involved. I have quite different 
speeches on these matters for administrators, teachers and parents 
*The administrators and teachers need a detailed summary of the 
existing seta of recommendations pointing out differences as well as 
similarities; they are anxious about the future and should be told 
what further plans these curricular group* are making They are 
especially concerned about the relative merit* of the new commercial 
textbooks now coming on the market. They are concerned about 
acceleration, calculus, integrated curricula, university entrance 
requirement*, and advanced placement. The list is endless. 

Surely, then, you must be extremely well informed on all of these 
matters. You must be prepared to explain the current movement to 
everyone in sight. Moreover, you must have material* to distribute 
which they can read and in turn pass on to others in the school system. 

Our first problem is to arrange for you to obtain this information 
as quickly as possible and in a form suitable for distribution in the 
field. There are many present channels, such as meetings of this 
land, meetings of the National Council of Teachers of Mathematics, 

^ Teacher $ newsletters from various curricular groupe, 

salesmen from pu b li sh i ng companies, and visiting' speakers. These 
- i be exploited, but the flow of information could be much 
betfer organized. I suggest that one of the discussion groups at 
this conference deal with this problem, and possibly that this is a 
field where cooperation and national effort woidd be to the advantage 
ofalL la there a possibility that the Office of Education could help 
you assemble this information and aee that it is published and made 
availahle in a convenient form? 
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Inspiration 


In spite of all the ferment for reform in informed quarters, I find 
that some school people are resistant to change and cool to this 
movement. It is easy tounderstand their point of view, for change 
often means trouble andSfequent criticism from parents who do not 
understand what is going on. Some teachers and principals fear 
that they cannot handle the new materials. Parents are nervous 
and fear that their children may not be able to get into college or 
find employment if the old-fashioned drill is not maintained. , * 
Clearly, your second job is to be a salesman and to inspire these 
conservatives to join the . rest of the profession. There are various 
kinds of weapons which you can use. First, you can emphasize the 
professional standing of the people behind the movement and become 
acquainted with the prominent names, their institutional connections 
and their publications. Second, you can speak of the very general 
agreement of every competent mathematician who has studied this 
matter, for we are agreed on these ideas with very few exceptions 
Most convincing, however, is a careful analysis of standard text- 
twoks pointing out the serious errors contained in them, not to mention 
the many sources of confusion. I have broken down quite a few 
recalcitrant citizens by posing the following problem which I extracted 
from a best-selling algebra book. 

Simplify: V**+2x-f 1-f-Var* — 2r-f 1 

The usual answer from the uninitiated is 2x. Then I ask them to 

check the result by substituting x=0 in the original expression and 

m then- answer. The bewildering result is that 2~0. After these 

people have realized that there really is something concrete and 

useful to learn, they are much more willing to listen to what I have 
to say. 

A more difficult question to answer is whether the results of the 
new forms of instruction are actually better than the old. So far as 
l am aware, there have been few, if any, serious comparative studies 
which would stand up under critical analysis. The best answer that 
can be given at present is to quote the reactions of teachers and 
students who have had experience with the new programs. A col- 
lection of such comments would be most helpful. 

A problem related to that of inspiration is that of dealing with 
those school people who think that conversion to the new program is 
an easy matter. I have had requests for a series of six lectures which 
would modernize” all the mathematics teachers in a school system. 
Other people are looking for a gimmick, such as Cuisinaire rods, tele- 


V 


LEADERSHIP ROLE OF STATE SUPERVISORS OF MATHEMATICS 31 

vision, programmed learning, or the like; and they assume that if 
they make a command decision to adopt some such new device their 
problems will be solved. In such situations there is clearly a basic 
lack of understanding of the nature of the new program, and additional 
information and inspiration must be forthcoming. 

On the other hand, there is the reverse problem of handling the over- 
eager, let s-do-it-all-tomorrow” type of administrator. His ardor 
must not be cooled, but he must be brought to realize that he is in 
for a long-range program of education and continuing change The 
sudden introduction of new materials throughout a school system 
without Proper preparation of the teaching staff can result in horrible 
chaos and disillusionment with the whole idea. The proper approach 
to such zealots is to outline a proper step-by-step procedure full of 
information, inspiration, and inservice education. 


Imanrtce Education 

After a school system is fully aware of the nature of the proposed 
changes, and after all portions of the community including parents 
administrators, and teachers are agreed that they are ready to embark 

tobushiis^' 60 tUre ’ theD 0011168 ^ hafd work of down 

It is sheer madness to give the ordinary teacher any of the new 
; materials and tell him to start using them, unless he has had 
rather extensive preparation. If he has been to one, or preferably 
several, well-organized summer institutes, or has just graduated from 
a proper undergraduate curriculum, there will probably be no problem 
Wost of our teachers, however, do not meet these qualifications 
afidsome sort of inservice education is absolutely necessary. 

The nit t serious problem of inservice education is to obtain compe- 
tent lecturers for the courses. If a school system is within commuting 
t*nge of a college which has the right sort of mathematics faculty, 
professors from the college can sometimes be prevailed upon to give 
the lectures. In large centers, requests for inservice courses can 
swamp tfie college people; we at the University of ’ Washington can 
meet only a small fraction of the requests of this kind from within 
our own area alone. It is a serious blunder to take just anv college 
man,, for the mathematics situation in many colleges is at' least as 
bad as it is in the schools. College people can help out, but they can 
make only a small dent in the total problem. 

Mote and more I am advising school' systems that in this matter 
n f niu»t lif t themselves by their own boot straps. A superin tenden t's 
flrst refection to such a proposal is usually unfavorable, but with 
patience administrators can be brought around. There are many 
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and *** 8ch001 <«■«* must find 

Steterf wl ’T ,te ° Wn CO, : diti ° n8 My 0wn P^erenoe in 
if W^K n!f W hm I ton 8068 80methin « like this: At the Univemitv 

teach^^FW ^ ° ffe , r * 8election modern courses for school 
teachers. For example, this summer we have work in arithmetic 

ge ° metry ’ 8enior h « h «*hool geometry,’ 
JJJl 8tati9 ^ and calculus. We reootpmend 

that a school district support one or more key teachers and send them 

loom summer session. On the basis of his study them, this teacher 

r* he ° Pad ° ther Etcher* in the district in after-school seminars 
on the modern material. If he runs into difficulties, he can contact 
the university ; and we can help him out during the vsar bv oorreanonH 
once or by occasional visits. When thisTJd ot^^Xn 

^ R f ^ d t 8everal year8 - ih * 8cho <>l district will begin to stand on its 

Although the inservice problem is serious for senior high teachers 
is more acute for the junior high and elementary people. Many 
toachem, not having strong backgrounds in math^ti^ requiie the 

atfc ^tHtt!L tod “*“? r ? ininiD *' WrtWIf few of them am 
bte to attend summer school or summer institutes, and so inservice 

K ^ ^ “ Wt * 1 ^““^d that their retraining be 
conducted by a competent senior high school mathematics teacher 

mathftmAi^ ^ dutie8 •» appropriately reduced. If a local 

mathematics supemsor is up to date, he could easUy be giving in- 
struction of this kind as one of his main functions. g»™*g 

dkuLu '7'“ re * 0r **^“ tio “ “ d ouuid. holp, for the Khool 
distncte are not experienced in such a program. I suggest that a 

ajw funcUon of a State mathematics supervisor is to conduct the 

field work necessary to get such programs organised. This will take 

cpeated visits to the distncte— it cannot be done from s desk in the 

State capitol. Andtio I believe that a major topic for discussion at 

should be ways and means of mixing ineei^ 
programs in your respective States. 


Finally, I should like to turn to the proper attitude of a State 

,-TtTT T , " i .*• t * 4chOT k On thi. point I h.T. Ul 

two hnd. o f arpononc. During the toot wor, I hold « Qorommont 

“«gnnieot as supervisor of training programs sotasared hv tk Ai- 
Force and approximately 35 colleges. With the aid of hiahi v <*> »- 
^^ /fjdsws I prepared the curriculum and sent regulations out 
to tee fold. Soon after the students were in thor elaasss I took a trip 
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to Haverford College, m y own institution and one of the participating 
colleges, to see how things were going. To my great shock I found that 
the regulation* I had written, with my own college in mind, were 
unsuitable in a great many ways for the problems actually being 
faced. , This was a sobering experience which has affected my attitude 
toward the central administration of education ever since. 

More recently I have been working with school districts in my area 
and have experimented with different approaches I am convinced 
beyond any doubt that the very worst way to supervise education is 
to issue regulations from a central authority. In a great many in- 
stances the regulations 'do not fit local conditions, and moreover the 
imposition of such regulations stifles creative work on the part of the 
local people. 

I have found that the best approach is to take the positipn of advisor 
and mend, to make no claim to have all the answers, to offer help and 
support where needed, but never to tell a school district what it must 
do. Let us concentrate bn making our supervisors expert consultants 
nther than minor-league dictators. 


Smdmtm 


As I view the situation, the job of the State supervisor has been 
greatly transformed by the introduction of the new ideas for mathe- - 
matin education. You are becoming the most important figure in 
your State s program in mathematics, and unless you are prepared to 
do your job, your SUto » likely to foil behind the root of the country 
in this effort. You must be a well-informed source of information, a 
missionary who exudes inspiration, an organizer who can arrange for 
msemce education and consultation of many kinds, and a counselor 
and fnend who influences your constituents through persuasion rather 
than by means of regulations and authority. You have a big job, and I 
hope that the discussions in this conference will help each of you to 
prepare yourself for your manifold tasks. , 
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New Media of Instruction* 

ARTHUR W. LALIME 


T EL(EMENTS 0F the new media of instruction have 

been with us for many years. The implementation of these devices 
and techniques in the educational program is long overdue, but 
breakthroughs are occurring throughout the Nation on two related 


1 ? h00b "’ e . being de * i * ,,ed and w* 10 ® 1 programs modified to make use of 

the new techniques. - 

2 ST r00m , tea , che ”’ coUege rwarch departmedfc, and industrial corpora- 
Uons are developing promising teaching techniques for classroom use 

These developments are not isolated factors in our national educa- 
tional complex. They are part of the intensified interest in our 
search to find ways to improve instruction at all levels. 

Communication between teacher and pupil always has been and 
always will be the basis of education as we understand it. New tools 
of classroom communication are being adopted slowly. Compared 
with our dynamic industrial development, classroom use of these 
proven tools of communication reveals education as something of an 
old-fash jnecf locomotive in the roundhouse, lighting up the boilers 
while industry is taking off by jet. 

We all rewgnize that American education is a highly complex 
wcial institution that will slowly but surely respond to the needs and 
ideas of the times. We stand on the edge of an exciting era with 
many major breakthroughs on the horizon— breakthroughs holding 

of this N Pr ° mi8e 0i more and better oducation for the young people 


Assaults are being made on the age old problem of how we learn. 
or years, work has been going on in our universities to solve the 

^ m ! fi6a 1 ti ® ns of this Poychological riddle. Under the provisions 
of the National Defense Education Act and other federal and privately 
sponsored research projects, programs are being developed which may 
ch«*e the educational pattern during the next 10 years. Our 
national institutions have made significant contributions in science 


•Ccmmwit* Meompaajrtof and •iptatnlnc a dtaMutmUon of mw laatractlaaal m«dU 
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education, modern foreign-language instruction, and in the teaching 
of elementary and secondary mathematics. 

The results of this work are being force-fed to the public. Scholarly 
texts are written and research papers are published in our educational 
journals, but for the first time newspapers, magazines, and television 

writers are reporting these results to the public in a highly dramatic 
fashion. 

Parents are asking educators — 

What about community colleges for our city? 

What must we do to have advanced placement classes in our secondary 
schools? 

What provisions are we making for the gifted? 

Why must we wait so long for the new mathematics programs to be instituted 
in our schools? 

Must our children wear out the present books before we buy the new? 

Or must we wait till the teachers wear out? 

Why do we not have team teaching in our schools? 

As coordinators and supervisors in this worthy field of human 
endeavor, you are well aware of these impending changes. 

I would like to relate this concept of educational metamorphosis 
to the educational activities occurring in Norwalk (Connecticut) 
Norwalk is a small city with 13,000 children in the public schools. 
Our yearly per-pupil expenditure is close to the average of the State 
of Connecticut and we are now suffering from the chronic educational 
pains of expansion brought about by increasing school population and 
a shrinking educational dollar. Exciting educational experiments 
are now happening in ciites both rich and poor. Those developed in 
Lexington and Newton (Massachusetts) and Norwalk (Connecticut) 
have some of the desirable qualities which I believe will improve 

Norwalk has completed its third year of a team-teaching program. 
Now past the initial testing stage, that program is operational and 
growing. Last year, in 75 classrooms 20 percent of the pupils par- 
ticipated full time in the program. Next year it will expand, par- 
ticularly at the junior and senior high school levels. The success of 
the communication techniques associated with team teaching has 
encouraged many regular classroom teachers to adopt and adapt 
these techniques in the self-contained classroom. 

I am not clone in holding the conviction that the new media of 
communication can be used more efficiently and with greater educa- 
tional impact in a school system organised along team-teaching lines. 
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Let me give you some of the advnntagee in ueing on, of theee new 
media— the overhead projector. 

1. Tke projector is used in front of the group. 

'*** J* « P0U P» maintaining eye contact at all time* 

He can observe reactions and adjust hi. program accordingly. 

2. A bright image i$ projected in a fully lighted roam. 

TI L2” m -° ” d " ot be **— i. thus ™dueio« ,„ llMlUoI1 ,„ d 

Audience and presenter are fully viaable at all times. 

\jV“* T***H*!Z 10 keep th * imafe on #creen mt »U «me. or to turn 
IW«. oi nnd <* aeverel Urn™, - with pm^Uon In . darkened rooa, 

Tb ImnWI Oo«. pr .Mu f* UtiMil, m 
The presenter can : 

Write or draw extemporaneously. 

Project transparent objects, animated devices, or fluids 
Use a pointer to call attention to details of transparencies. 

Use transparencies with several layers of film, unmasking them in 
pm£-lv. dwdow™ „ building ,b.„ up* fcnn . 

4. A separate projectionist i$ not required , 

Th.o™rt»nd pwjMto, aon.plMn.nl. u* H doe. not «p|. M 

5. Transparencies up to Uf t l(f can be used. 

The large rise simplifies preparation of artwork for transparencies 

“ ~ "~~' y 

6. Transparencies can be home-made. 

R udimentary M t dill. produo. drwnnU., p™w«,.|-lookln. 

Transparency-producing equipment is simple and inexpensive. 

7. Color can be used ejeciisely and economically. 

iD * *“• r *“« e <* 00k >"» it possible to prepare 

8. A group’s individual work can be demonstrated on projector. 

No special skill, are required to operate the projector. 

Any member of the group can use the projector to wosk out a problem 

or offer a suggestion. 

Transparencies for teaching elementary arithmetic and secondary 
mathematics can be made cheaply and easily with simple graphic 

‘ T,uabi * ,rom your “•‘‘“t — « 
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Facttttas fir Tmm Tsacfctaf a 

Team teaching requires no more space than self-contained classroom 
etching, hut the shape and functional requirements should be modi- 
fied to meet new demands. There is a need for large group-instruction 

t spaces, a nonteaching study hall or independent workroom areas and 
f nR] l ^"ence-type rooms. The need for flexibility in classroom 
Pswcan be met by acoustically sound-proof, quick-folding partitions 
L*rge-group instruction » a most important feature of team teaching 
and good teacher-pupil communication is the kev to successful pres- 
enuuons. Each pupil must be able to see clearly and hear well, and 
be comfortably sretod in a well-ventilated room. It is helpful if 

each pupil has before him a working surface upon which he can take 
note*. 

Three are the minimum requirements of any daasroom. The same 
conditions of seeing, hearing, and being comfortable apply to any 
teaching situation, with a large group or a small one. * 




r A if lM !i r ? L m in8trUCti ° n ftt the dementary level has traditionally 
followed these concepts: _ 

L The status of all teachers is the same. 

2. The quality of learning is determined by - 1 — sise. 

2. Each teacher hae to do all the things that need to jfc'’ 

4. Effective learning must be in faee-to-faee situat 

5. All teachers must perform the same rotee. A 

The self-contained classroom hinders the optiriu^jff£tivenees of 
new instructional materials and limits the useof educational television, 
Wins, and other devices. 

T am teaching in Norwalk has been planned with the following 
concepts m mind: ^ 

1. New careers have been created with increased prestige and salaries. 

2. What is to be learned determines the sise of the group. 

I. Teaching strengths of teachers should be capitalised upon. ' 

4. Some learning can be effective when aoquired through automation, 
ft. All teachers do notmenmiarUv have to be administrators and clerks. 


The Role of the Mathematics Supervisor in Developing 

Curriculum Materials 


VERYl SCHUIT 


THE WORD "CURRICULUM'' is a rather recent addition to our 
tatputgo. Webster's early editions do not mention it. In the 
1856 edition of Webster's ,4a Antrim n Dictionary o / At Engtiek 
Language, however, the word appeared with 4wo definitions- “(1) 
A race course; a place for running; a chariot. (2) A course, in gen- 
eral; applied particularly to the course of study in a univereitv ” 

ilUTn'l ' "l t h,ri0r h “ t>Wn dro PP^ »" d file word* is 

f “ “Z ‘ ^ c whlc . h J " 0W U8e !t T h« "leaning has broadened 

the pup^'thXork ‘ CtiVitire a " d " ,ateri * 19 “ 

In recent years, significant changes have taken place in curriculum 

rr ;° n ,- '" oreth ° ro “* l > 9tudy of the K°“ l8 of ^"cation and 
and bu of P art,c “ l,u ' subjects is being made, scientific methods 

and findings are providing valuable background for curriculum 
construction and the importance of how we learn, as well as what 
we learn, is being recognized. 

™*>r nl PrOl :'T\ 0f wh9t 10 teach m "«t new. ' Aristotle is 
said to have remarked that all people do not agree on what a child 

fn whit “n 1 ,"7 <le, * miin< ' whether to instruct a child 

in what wdl be useful to him in life, or what tends to virtue, or what 

defendera" 1 ’ h '’ *“ the9e l,ling * h, ' ,e their separate 

I think Aristotle would bo pleased if he could step in today' and 
see the great amount of thought and effort spent on developing curric- 
ulums on the basis of a thorough study of «‘what will be useful what 
tends to virtue, and what is excellent." 

in T <SlL S °fw°! Educati0n publication, Offering, and Enrollment, 

rlr^Tr , in PMU High SehooU—tm includes a 

report on trends in curriculum revision. In reply to the question to 

reS^h’ 18 th ®, mathematic8 curriculum in your school being ' 

Act MvintK ’ P "T t ° f the an8were were affirmative. 

thl8 area mcrea8ed notably from 1952 to 1957 and there 
are good reasons to assume that it is still increasing. During the 
38 
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i '°;r r ^° d while th « “hool-populstion age group 

eased 22 percent and the number of high school pupils 45 percent 
the mathematics enrollments increased 75 percent. Thus, there is 
not only a larger mathematics population to provide for but also a 
great range m abilities to consider. 

Last year 200 000 elementry and high school pupils studied new 
programs m mathematics. The new mathematics is related to every 
phase of the technological and social order in which we livo- hence 
e great activity in curriculum development in mathematics' . 

I he present curriculum in secondary school mathematics is about 
one hundred years old. Mathematician, until recently have ignored 

8Ch °° 1 ’ W ? Ue C0l,e *“ continued t0 toac h traditional 

. T** V rad,t,onal Preparation from secondary schools. 

o ^f 8 Uu ^ ht Ino< lern mathematics only at tlie graduate level 

^ondftry school administrators and teachers could not modernize 

the curriculum without college cooperation. Fortunatelv, the groups 

10 modernize the curriculum combine the Effort! 

fh 4 Rt* t ! ,emat L < | ,an8 ’ tpacher8 ’ and Pedologists in order to develop 

for ^Tud^ K TT" 1 , * ,9 °’ the *° S™*" P re P flrin ? ^steriato 
for students (both for classroom and for supplementarv study) 

providing mservice work for teachers (on an individual basis through 

readings and for groups), making careful evaluations, and, last but 

of 1 i ' Pr ° Vlding th ® P ubhc,t y necessary for general acceptance 
ot a new program. 

Where does the mathematic supervisor lit into this general cur- 

ZtrZTlZ f** i ™ n ° f tHe "* ° f the -‘hemato 

devel »P‘"K curriculum materials is based on three 

™ °! ,nfor , m » tlon: «) The literature on the subject, 

talkinv woritin e in m >' own school system and 

ta king and working with people in positions similar to mine, and 

State 8Wer8 ■>—"* ®c nt to a State supervisor , in every 

surprisingly meager concerning the role of super- 
™? " ” ?“ rnc “ lum development . The role of teachers, principals, 
“^’“P^Wndenta is written up ahgreat length. In examining the 

a.. J.^- 9 .° n c. C y™ u u . ro “ d curr tculum yearbooks of the American 
Association of School Administrator* and the Association for Super- 
word Z j: Um Devel °P ,nen ‘ in oor library, I find that the 

" ? 0t eVe " mention<!d i” «y index'. Perhaps 
our place in the curriculum setup is atUl to be found. The pamphlet 

nt Su p muor o/ Mathematic.: Hie Role in the Improvement a] Math - 
emaitce Inet rvetum *, probably give* the most complete summary of 

* Pobllttwd by tbe NaUooaI Council of TMcbcn of MiUmbiaUc*, 1980. top. 
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IvXblT* and CUrricU,um in mathematics that » 

riLnnA mW > d68Cribe Wh “ 1 think are tbe “^portant steps in cu^ 
nculum development and point out possible functions of the math- 
ematics supervisor in connection with each one of them. 

* 9tn T l /oflowaj: (o) Constantly 

wrvej-s the whole cumcuhim of the schools. (*) Work, with school 

Personnel in developing a philosophy of education and deciding what 
w unporUnt. (c) Studies movements and .trend, in JT* fields, 
(d) Survi >^s the work of special committees such as those on textbooks 
instructional aids, televised teaching, and libraries. 

7*# msiksmaiics tupsrwisor mifkt— 

♦Serve on the general advisory committee 

♦iszstssr * w 

♦Recommend the formation of such a committee if one doss not exist. 

School personnel art mod* otoare oj tho ruod, for cwriaUum toor* & 
mathematic* because of («) changing school populations, (b) results 

(C) ob f° le#cence . of <* *tudy, (d) emergency dif- 

ferentiated curricula set up in various schools to meet special needs 
hud («) results of tests. ’ 

71# matksmatics supervisor miykh 

"T* * ibnn # information in oews- 

s^’nZdl^ 7 ^ lD<WJ y- qumtion: Why is rs- 

4d ^ ni>tr * t0 " and *•«*» activities in mathematics 

and work through superintendent* of schools at the local level 

+ ^'^blz , " h “ d ^“" UUo " 

* q, ^ d 

♦Arrange for extra time and/or extra pap for teachers doing experimentation. 

♦^ to an advisery eapaeity with local eommitfos. who are planning for 

special curriculum nnrufc 

♦%>cak at meetings of ad mini strators or teachers and let know * k -* 
the supervisor is available for help. 

♦2^»* formation about work and reports of important committees 
such as the Commtodon on Mathematic* of the CoUege Entrance Bi- 
e mm a ti oo Board* 
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♦ Arrange for sphere at lwetmn to let teach,,,* w™. , 

““•W .ou™. .^aSoAtio- « . 

— r. .boo, .Im*. ln .Uod-,- U.U, mU— 

* <z ***-""£ 

+ ^Tt^w 000 ^* U ”” •—■ 7 -o™. U»« 


V* ®* U H'P**™™* of Education or a StaU organization in matke- 
motwsKt* up a pUmnmg (or steering) committee \ thick mil: (a) Study 
w»jb , >r pupiiato attain, in mathematics, the objective set up by 
theAd v| eory Committee for all pupils. (ft) Study the cumcuJum 

• " raathftmftU ”, (c } K*™™* familiar with reporta of national 
committees conceded with curriculum, (d) Surrey the experi- 

m^ution in mathematics. (a) Visit schools where unusuallTfee 
work » going on. (f) Develop outlines of the new work, (g) Submit 

2?*™* Tt? fOF reactk> “- M interim 

bulletin (s) to meet special needs. 

ffc# mm Aemafua tuptrrimr might— 

d Pemm “ l f0f ^ °° mmitW to the 8ute Department of 

•^eServe on this committee either aa chairman or as a member 

*U^X. WWh aUUl0^4tiC, f ° r,0mer * W ^ ed tUae for the Planning Committee 

* Pr ° V ^ V*. f*”"**"" « **• tadoAin, te—d, (on 

^°°! u 7 op—* Admioi#. 

-Ir^ °* * Staff, educational apeeialiaU 

who are authorities on the learning process rn^mumm 

r’ ?.T rt , .r th ~° f ^ <— <- « — 

ftog— I. Mm— mu. — u» Co— o. oo MaU»mo> <* Collo. 

“T 1 — i Bo—, the NCTM Cortoolom Coo— R—rt. 

and the yearbooks of NCTM. ^ ’ 

> r i !L t 0 -f t . U !! W “ d P^P** 8 ’ i^otkme concerning the reeommen- 
datiouf of the Planning Committee. 

^ f°““ JU r P * rtiB<>ot f4et8 •*""«* ^ school population 
rrmiT n i ^ ** P ^ W>h >> * " ueh *• results of statewide testing, statisties 
LiiMmf beyond the high school, dropouts, population changes, 


♦Maks available information 

wifl be t eachin g the new courses. 


the preparation of teachers who 
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coordinated and ^formation w murimZ/y exchang'd. Potential 
committees are those concerned with (a) television teaching (&) 
inservice education, (c) textbooks, (d) lemming aids, (e) t«ting 
T%4 malhnuUict supervisor might— 

♦Serve on *11 such committee* a* a member or in an advisory capacity 
♦Serve u the liaison. 

♦ Keep the committee* informed of important activities in mathematics. 

a* i 

wal^^T . C ° mmrtt/f « a PpoinUd tohich «nZ/. ( 0 ) Consider best 
,.*^ T effeCt chau «« ln classroom procedures and subject content 
?; o^T 0t k her f° uree * of 9tud y «* find >dcss that look promising^ 
(l l ^ here °P'mons on the most useful kinds of publications 

ta) Write up the new courses in detail. 

1+4 MM demote* supervisor might— 

lb. Prodwuoo Commit*, lib* „ . m.mb* or ta m .dvtaor, 

♦rmpm. btbUofrephlre ol book. m,d pobbctloo. for ibb cpmmlure 
+M*ke lummAriM of important report*. 

<■»•> « .b« „ PP iw lh , 

ational Defense .Education Act) or good description* of them 

*£“^ute * result of wide experience and opportunities 

of h*ving seen other cuir^culums at work. 

. 0.1 topor uot report. of M Uo.ml oommi«imu, for lb. u* ot tb , 

“ d for “«• oommltl* lo ore 

m writing up the courses. 

♦Get sufficient supplies and clerical help for the committee. 

♦Get edlv'wial assistance and mathematics experts for help in editing. 

^ ‘^ Uit4> ° f flr " thAnd ‘from successful, experienced 

Nevand tentative course* are mimeographed and distributed for trial 
t» (a) several experimental centers, (6) one school system, or (r) 

•11 schools throughout the State. 

The methemaUet supervisor might— 

♦Arrange with Wools and teachers to try out the courses. 

♦Prepare evaluation tonne tor teacher report* on the new work unit*. 
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M. h " P the " “» “»• vMoaU. n.ulu , ro ^ u,. 


/T" XX” “ a ' T '"Hw' in ronnwfion *M 0* 

£££*!« ,v T“ “ <a) “■*■«■ ° f •»*« toSirSrt 

. . ’ w^iond meetings, (<•) television teaching (</i oollecv 

, “ w ' w * coo™,., (.) guid« for mdmdual or poop .tX ^ 

•? X" 1 - r p 7 ucu ‘ > » 

ST-*- •*« — - • J5Z£££ :L^T h lb0 

'To^^Tzi :^';rx^Tur,“^ <und " ndea 

tet^r °° yld * tUdy m * th ^ nutJe * th *‘ "°«W help t^m^TtTn^w^k 

to °' ‘'* erV<0e ^ 40,1 ““ U * em 

♦ Acquaint teachers with publications that mr* he! of u I for (nrii^ , i 

"Xz^ZirTj-^ * «- >?~~z 

»I.U«n.UcMC OPOrpU" in tb.J4,b s ^ k ^NCTS ! " UO ' 1 ’ G "”°' * 

,ten »" 1 ~ u »» ‘»«°™ *« Ulo«r.U, mw ooooepu 

'Szjzrztz iisssrstsir rr- • p »« i «. 

. . , P~ *re available, and tend them to school systems. 
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♦ Encourage' teachers to undertake research projects. 
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“*<***»« * planned to include tests pre» 
MthXZZ % fo/oUoun** groups: («) The Planning Committee, 
OAftoducta* C ?5“ n ? ttee ’ («) committees of teachers set up for 
evaluation purposes, (d) the supervisor, with teacher assistance . ? 

The mathematic* supervisor might — 

^SZ^dSS^lS!: pupU * a * i, “ Mw * 

and interpret result, of the testing for administrate™ and 


iWucfion Committee revises and rewrites courses of study on the 
basts of (a) evaluation of unite by teachers who taught them (b) 
reactjons of pupils who studied them, (c) new information and knowl- 
edge (gained by the committee in its further study. 

The mathematics supervisor might — 

♦Serve in an advisory capacity. 

♦Summarise evaluations tor the committee. 

♦Report on testing. 

♦Supply recent publications. 

♦Help in careful editing. 

* 

Stop tt 

Artists help with production of printed curriculum. 

The mathematics supervisor might — 

♦Supply mathematical ideas to be expressed by the artist in art form. 

Mp 11 

The new curriculum is distributed. 

The jdathematic* supervisor might — 

^ ° f 8Ch ° OU ’ P rinci P ab * “ d teachem from information in his 

♦Help plan the distribution. ■ 

♦Suppjy schools with appropriate information concerning the use of the 

00UTM6. . 


new 


*W 


Good puWfc relations concerning the new mathematics are^romoUd 
through (a) newspaper publicity, (b) reports in professional magc^n^" 
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(e) reports at meetinp of administrators, (d) discussions at meetings 
of lay groups, (e) exchange of courses with other states. 

The mathematic* eupervieor might — 

*° admiDtotr * ton » concerning the need for the new cur- 
riculum, its purposes, suggestions for its use, preparation needed by teachers 
and answers to question, which tethers and principal, have Lmlt^d! 
♦Writ* articles for professional publications describing the new mathematic 

♦When invited, speak at parents' meetings on the new mathematics. 

♦Acquaint college professors of mathematic methods course with what 
their graduate will be expected to teach. 

SEp is 

The new curriculum is being used in the classroom. 

The mathematic* tupenitor might— 

♦Arrange meeting, where the new bulletin or course of study will be discussed 
for the benefit of new teachers who are unfamiliar with the preliminary work. 
♦Set up a committee to work on tests based on the new eourses. 

♦Sponsor conference to discuss grading of students in the new work 
♦Call attention to the fact that although curriculum development is a con- 
tfauous process, an agreed-upon body of content at any particular time is 


The recent Report of the Present's Commiaeion on National 
Moab emphaaiaed the importance of guarding the rights of the 
individual, ensuring his development, and enlarging his opportunities. 
In mathematics we have a very special responsibility here, and I 
feel that some of the professional activities I have outlined can 
mdeed help guard the pupil's righto, help ensure his development, 
and nelp enlarge his opportunities. 

Does the task seem formidable? I hope you do not feel like 
Ophelia when she replied to her brother in Hamlet, act I, scene 3: 

. . . But, good my brother, t 

Do not, aa some ungracious pastors do, 

S»ow me the steep and thorny way to heaven; 

Whiles, like a puff'd and reckless libertine 
Himself the primrose path of dalUanee treads 

Since I speak largely from my own experience, I can assure you 
that I have tned to do most of the things that I recommend. I 
reahae that orcumstanees differ greatly, depending on the size of a 
Stete and the staff. I trust, though, that some of the elements I 
nave pointed out are common to every situation. 


Evaluating a School Mathematics Curriculum 

DONOVAN A. JOHNSON 

I «]| V r!f W rL the CUrrent . ferrnent “ mathematics education we are 
interested m ways to improve our judgment as we make decisions 

H0W " re We **** dedde whatmathe- 
matics to teach? How can we determine the beet way to attain a 

How <» n - d ^ide when a given concept should 

It is going to be extremely difficult to make valid judgments of the 

|®f^ tlVenefl8 k . of different curricula. Many of our decisions 
mU be based on subjective value judgments. Many decisions will 

w?l! Un loag ‘ rAD « e effect * determined. Other decisions 

l 1 n ®? d the cooperative judgment of specialists in several fields 
b diacuHing mathematics programs, I am confining myself to the 

n ° W being made h y varioU8 ^oups and 
Th ! e T aluation of the mathematics program ofa specific 

i° f !T » d r de8 many faCtore the curriculum. For 

tbe Evaluative Criteria used by secondary school adminis- 

trators take into account the school's facilities, staff, registrations in 
rolt^r 11 ” 68 ’ and eDgth ° f Peri ° d ’ m well as courses and course 

Evaluation is more than measurement, although it is usually based 
on measurement. Evaluation involves the use of judgment. In 
ev uataon, we usually decide whether certain measurements, actions, 
"f 6 g0od ’ bad ’ or “different. In evaluation we compare 
involved* JUdgmeDt re * ardin g ^e order relation of the items 

If we are to render value judgment* regarding curricula proposals, 
we need certain criteria as guide tines. What shouh} these criteria 
be? For our discussion today, I would like to suggest criteria of the 
tyPW: matWticaI - ^cbological, pedagogical, and 


Thera are several aspects of the mathematical content of a given 
curriculum to consider. The first of these is that the mathematical 
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° f “ ac "P‘« b l« curriculum must be good matUmatia. By 
‘ d ° not R««»arUy mean modern mathem.tica or classical 
mathematics. Corn! mathematics is mathematics that is cornet 
precise, and elegant. Good mathematics uses the terminology the 
processes the sequence, and the symbolism that are as correcfdear 

p”epZ p “ the 'r 1 ,or *• ««bS£n: 

Evaluating the mathematical coiWit of a given program requires 
mathematical sophistication beyond that of many SZZZTZ 
secondary teachers. In the current national experimenul program, 
however .turning the proper degree of rigor fo7. given levd^Tt 
much of a problem since the materials usually have been produced 
by groups composed of competent mathematicians. 

em”uu Te h t mo«7 at |‘'T i “ 1 COn ‘* nt ""“ t " 0t ° nl - v be S'** 1 «•*- 

Dri^.iL T b Y Ppropmte m «hematics. To be appro- 

*> the students involved. 
It should meet the needs of the studenU, currently and in the future 

in ,7.7 ’ e “," < ' OT k a,nty of what ms'hematics our studenU wiU need 
malhlmll^’ }' w .f 0 '”' “ dlffi, 'ult. Thus, it would seem that the 
™ n ^.'" t “,‘ ho “ ld rniphaeize flexibility, procedures, and broad 
principles rather than specific facU. It should provide experiences in 

Zum ."’"“‘f T* ‘, k i U ’ “ we “ “ pre9enl ‘ h * “thetic Aspects of 

uTmZ h T, * >h i? U d PTOT ' d * e, P eri » nc « that develop good 
learning habits as well as a desire to learn K 

“ i0n ' , !u C T^ °f T “ chera of Mathematics lias appointed a 
PeTnfTr,H° n the A«aly«, of Experimental Programs, with Philip 
UmTerslt 3 r “ Chairman. This committee will visit 
experimental projecU and collect information relative to nine 
C}U68tlOns. 


Jr i ° U r PiCT f* be ‘" g “ ,tro<iu « d »t a number of different grade 

a rartieu ‘ m ** Khat toria ** 


M*T0m 

o 

Many topics hitherto not commonly included in mathematics 
programs are now being taught. The question is: Which of these 

oXt'^l^r™ tnU9raipart of** “A 0 ** mathematics program 
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1 Mn 

There has been much discussion recently on the need for studying 
mathematical structures. The question is: What emphasis should be 
placed, on the study of mathematical structures to result in a better under- 
standing and use of mathematics^ 


Socisl applications of mathematics are being discussed by those 
concerned with better mathematics instruction. The question is: 
How much emphasis should be placed on the social applications of math- 
ematics and what should be the purpose and nature of these applications f 


An individual’s language develops as he develops his ideas and has 
relevant experiences. The person developing a language of math- 
ematics proceeds in this same way. The question is: How rapidly 
can an individual be led from the use of a general unsophisticated mathe- 
matical language to the use of a very precise , sophisticated mathematical 
language t 

t Com HiTfiTMi 


Mathematics has value as a tool to be used by other disciplines, 
but it also involves abstract ideas or concepts. The question is: 
What relationship shall exist in the mathematics programs between the 
function of developing concepts and that of developing the manipulation 


There are many possible grade levels and degrees of rigor at which 
proof might be introduced into the mathematics program. The 
question is: At what grade level should proof be introduced, and with 
what degree of rigor; and how rapidly should the learner be led to the 
position where he recognizes and appreciates rigorous proof t 

^Topics and areas of study may be organised in a number of ways. 
The question is: Is there a principle of organization that supersedes 
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? n0 K q 'J eS ^° n “ ^ Whether or not one *hould use correct 
mathematics, but the question here is:.JFAa< constitutes correct mathe- 

roohcso* determined by either logic or acceptable authority, and why is 
the particular authority the acceptable one? V 

Piyrt H fhH Cri tarts 

f 

Since our real concern is learning the mathematics we have selected 
we mi;8t next consider criteria based on principles of \eZlTTan 
the^s^ected mathematical concepts, skills, habits, akd attitudes be 

Let us remind ourselves that we can’t force a student to learn math- 
matics. If he is to learn, the student must be ready, willing, and 

lea^, on IvTl he !“ *7°* * ^ Furthermore, he will 

earn nly if he reacts, responds, or participates. 

Our firet psychological criterion should be this matter of readiness. 

When should a concept be taught? From experiences with mathe- 

incept* such as those of Professor Suppes (Stanford Uni- 

n ™. ty L m toach S g . «®°metry in firet grade and those of Professor 

3“ (^recuse University) in teaching quadratic equations in fifth * 

fhtn l J t |* ap 5 e&r8 r 1 i hat young children l®*rn anything more readily 
^ T hu8 ’ 4h6 collusions reached neariy half a centur^ 

<«oby the Committee of Seven concerning a fixed time schedule for 

? P ! C !u ln * rithmetic now 866,11 40 been in error. It 
ll£l of diJLfu i tl . me , we cannot render judgment, on the basis of 
^topic^^’ What W the proper 4,1116 40 Pwoent a given arithmeti- 

A second requirement for learning is that the learner be motivated 

n*wnl h “ wlU JJ g4< ? ,e Y n - This seems to be a major strength of 
new proposals. Here is what Ferguson reported at the regionsJcon- 

m^«lastfii!u >rWi ^ th<> Nati ° nal CounciI of Teachers of Mathe- 

the L ° ,d tndltio nMl mathematic. feel it is s 
“ °£ ,tUdenU ****“* ®»thematici*ns considering the 

wap we taught them. The evidenee we have to date is simpip this: teachers 
^mueh more enthusiastic about the new reathemstkTprograme and the 
_ te * C . h . in * tbem - Th® students show morehHerest and en- 

^ bef0re '* ■* sU) teacher, 

ho have tried teaching the new programs (the Unlvenitp of Illinois Oom- 
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mittee on 8chool Mathematics— UIC8M— the 8chool Mathematics Study 
Group — SMSG — and the University of Maryland Mathematics Progr am — 
UMMaP, etc.) do not want to return to teaching the old traditional texts. 

The mathematics in the new programs is not easier; it is not watered down , 
but it is more interesting and challenging to students and teachers alike. 

} 0n traditional tests students taking the pew programs have performed, so 
far as we can judge, about as well as the students taking .the traditional 
program. If this is the case, the students taking the new programs have 
the same mathematical knowledge as the students taught in the traditional 
manner, plus many new ideas and topics. On power tests, such as the Ad- 
vanced Mathematics Examination of the College Entrance Examination 
Board and the Contest Examination of the Mathematical Association of 
America, it is a different story. In schools that have used the UIC8M 
Program for three or more years, the students in the UIC8M Program have 
done significantly better than students of comparable ability who have bad 
only the traditional courses. 

However, in evaluating these enthusiastic results we must keep 
several factors in mind : 

1. The courses are new and different. 

2. The teachers and students are participating in an experiment. 

3. The teachers are spending much time in preparation of lessons. 

Much in this revolution is to be welcomed, and undoubtedly the 
mathematics teaching will be greatly modified and improved during 
the next decade. Many advantage* will be gained thereby. But 
certain dangers need to be borne in mind. Perhaps the greatest is 
the danger that the revolution may go too far and confront students 
with courses so abstract that they exceed the youngsters' mathemat- 
ical maturity, and thus result in bewilderment and revulsion against 
mathematics rather than increased knowledge. The community may 
expect that the skillful -mathematicians pushing this revolution will 
bear such dangers in mind and make haste slowly in carrying out the 
generally useful changes they plan. 

A requirement for learning concepts is that the student be able to 
learn the ideas being taught. Observe this editorial from the New 
York Times of November 28, 1960: 

To add meaning to what is taught requires intuition, participation, illus- 
tration, application, and proper language. Many of the new programs 
place emphasis on this aspect by having students disoover the principle or 
idea involved. This is certainly an effective method of instruction, at least 
for reasonable sise classes. On the other hand, some programs seem to 
lose interest in concrete representations, visualisations, or applications. 

It is unfortunate that very few scientists, economists, statisticians, or com- 
puter programmers have been involved in writing the new courses. Like- 
wise, few experts in materials of instruction or psychologists have been 
consulted during the writing of experimental programs. a 
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Psdapfioil Criteria , 

Concerning methods of teaching the new mathematics programs, we 
should consider the following questions: 

1. I>o the teachers have the neeeaaary background for the program? If not, 
can they be given it through inaervice education? 

2. In sufficient time available for adequate presentation of the topics outlined? 
If too much is outlined can these topics be postponed or some eliminated? 
Can additional time be made available? 

.1. Does the curriculum have adequate materials, such as texts, units, and 
teacher guides? 

4. Does the school have the resources to provide the teachers and the students 
with the necessary text material or facilities? (A given course is usually 
not teachable if text material is not available.) 

5. Has the material been tried out experimentally? (This is one of the 
strengths of most current proposals, even some commercial programs. 
In evaluating the experiments, however, we must be realistic.) ' What 
kind of teachers were involved? How reliable axe the teacher reports? 
What was the nature of the schools or students who participated? 

following is a preview of a typical SMSG experiment . 4 

Twenty elementary teachers in the Twin Cities area will be selected to 
participate in this experiment. Ten of these will have taught the SM8G 
4th-grade course in the academic year 1960-61. These teachers will teach 
the 8M8G 4th-grade course to their pupils. The other 10 teachers will 
be selected to match the first 10 as closely as possible in regard to teaching 
experience and qualifications, but will have had no experience with 8M8G 
materials. They will teach a conventional mathematics course. 

The Sequential Testa of Educational Progress level-4 achievement test will 
be administered to both the experimental and control pupils at the beginning 
and at the end of the school year. In addition, an achievement test prepared 
by SM8G will be administered to all classes at the end of the school 
year. Also, achievement tests prepared by SMSG will be* administered to 
the experimental classes at approximately 2-month intervals. 

Another pedagogical question concerns 4 the selection of a program 
that will provide the best possible mathematics education for all levels 
of ability. Thus we must ask the question: “For what level of ability 
is this curriculum the most suitable?” 


PMtenpMcal Criteria 

We now come to the crucial basis for evaluation. What is the 
purpose of mathematics instruction? Where are we going? What are 
we striving to attain? It is not sufficient to know that we own teach 
a given concept at the fifth-grade level. We must decide whether we 
ought to teach it, whether it is more important than other ideas which 
we oould teach. 
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To determine what we ought to teach we need to spell out our 
objectives. Although these goals may indude general objectives 
such as responsible citizenship, or ethical character, I will assume that 
these have equal likelihood of being attained by traditional or new 
curricula. When you ask teachers to state the specific results they 
expect of mathematics instruction they usually come up with a list 
such as the following: 

1 . The student has a knowledge and understanding of mathematical 
processes, f&fta and concepts. 

2 . The student has skill in computing with understanding, accuracy, 'and 

* efficiency. 

3. The student has the ability to use a general problem-solving technique. 

4. The student understands the logical structure of mathematics and the 
nature of proof. 

A. The student associates mathematical understandings and p r oce s ses with 
everday situations. , 

6. The student recognises and appreciates the role of mathematics in society. 

7. The student develops study habits essential for Independent progress in 

mathematics. v 

4 

8. The student develops reading skill and a vocabulary essential for progress 

in mathematics. , 

9. The student is stimulated to participate in mental activities such as 
ereativeneas, imagination, curiosity, and visualisation. 

10. The student develops attitudes leading to appreciation, confidence, 
respect, initiative, and independence. 

Now the problem arises as to whet specific facts, processes, or skills 
you wish to teach. Here you must choose. Those appropriate for a 
given ability level or for given vocations will certainly vary. Not all 
mathematicians agree as to which are most suitable for college or for 
Science. Most agree with Mr. Adler that classical as well aa modern 
to piles should be included. Moat agree that basic computational ' 
' skills are still needed. One of the things which the various curriculum 
, groups should do is to spell out the specific competencies needed for 
success in business, government, and citizen activities, as well aa in 
^sdenoe and mathematics, 'then we will have a basis for rendering 
„ judgment relative to the competence attained by a given program. 
Traditional tests are not satisfactory for this purpose. 

Here are some specific recommendations of the Joint Commission 
on the Education of Teachers of Science and Mathematics: 


I. 8M8G might profit from a careful comparison between the pr esent Cur- 
ricular projects and earlier ones. Such a study may reveal the factors 
which contribute significantly to a successful program. The following 
elements may be relevant; adequate support, development of text ma- 
terials, experimental teaching, a favorable ettmatefor getting relevant in- 
formation to teachers and supervisors and for gstting cooperation between 
school teachers and mathematicians 
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2. In addition to defining the general objective# of curriculum project*, con- 
siderable efiort must still be made in defining operationally the criteria 
ahich reflect the objectives (other than mathematical knowledge and 
skills) of the mathematics programs . Teacher*, pupils, and parents react 
strongly to evaluative instrument* (eg.* college board examinations); 
hence, 8MSG should support efforts to construct teats reflecting all the 
many objectives of the programs. 

3. Long-range follow-up studies, particularly of students who go on to college, 
should be made to find out whether the training provided by the new 
programs meets the demands made upon it and whether it produces the 
hoped-for mult* concerning attitudes towards mathematics. 

4. 8M8G should encourage joint research between mathematicians and 
behavioral scientist* concerning the learning process and the formation of 
attitudes towards mathematics. 


If we accept these goals we then have a basis for measuring the 
achievement of our students. Can we do this so that we can render 
judgment as to the relative effectiveness of a given curriculum? In 
many ways this will be impossible. For example, in terms of facts 
and skills, only those common to both can be tested. This is likely 
to be an inadequate sample of the learning from either curriculum. 
New tests must be devised, not only on the common topics but on the 
common goals, such as problem solving, communication skill in read- 
ing, writing, and presenting mathematical ideas; attitudes, applica- 
tion, discovery, and creativeneaa. 

Besides these we need long-range evaluation^ in terms of continued 
study of mathematics (what happens to registrations?), continued 
success in mathematics, success in related fields such as science, sue- 
cess in selected vocations, and success in citizenship. 


Finally, then, the evaluation of a school mathematics curriculum is 
not a single process. It will need the judgment of many specialists: 
the mathematician, the psychologist, the educator, the scientist, the 
research worker, and the teacher. It will need a comprehensive test- 
ing program which indudes tests not as yet devised. It will need 
research in the form of comparison studies and follow-up studies 
that will require several years for completion. In the meantime, 
we must make our choices based on value judgments. In making 
our choices, however, we do have mathematical, psychological, ped- 
agogical and philosophical criteria. 


How the State Supervisor of Mathematics Can Stimulate Local 

Leadership 

JAMES H. ZANT 

DEAL IMPROVEMENT OF MATHEMATICS in the schools must 
take place with the teachers in the classrooms. It is not implied 
here that in this process intelligent administration is not a valuable 
asset. The point of view of this paper is that actual improvement 
occurs only when the mathematics teacher is both stimulated and pro- 
vided with some definite, regular means of acquiring the backgroufh 
necessary to use the new concepts in his teaching. 

The State Supervisor of Mathematics must find some means of 
stimulating the mathematics teachers in his State. Further, he must 
find the means to provide them with definite instruction concerning 
the principles of mathematics and to convince them that mathe- 
matics must be taught as a structure — as a body of knowledge based 
on fundamental, understandable, and consistent principles of logic. 

The State supervisor’s obligation is twofold: to make teachers 
want to improve the school mathematics program and to make it 
possible for them to learn the basic mathematics needed to initiate 
and carry on such a program. Teachers, through no fault of their 
own, have not been taught- the kind of mathematics they need to 
teach the new and exciting material of the new programs being sug- 
gested and widely used. It has been demonstrated in our State 
(which has no State supervisor) that teachers can be stimulated to 
learn the mathematics needed for successful teaching of modern 
mathematics courses at both secondary and elementary levels. 

The State Supervisor must use any and all devices possible to 
stimulate teachers so that they will want to improve their classroom 
activities. This can be done by teachers’ meetings of many sorts. 
Teachers’ meetings, both State and district,' are held annually in 
nearly all States. More can be accomplished, however, by holding 
local town or county meetings to which nearby teachers may be 
invited. Such meetings have been used to inform and interest them 
in new and different mathematics programs. The activities at these 
'meetings can be many and variedj and the State supervisor can play 
a leading role in many of them. He should, however, also rely upon 
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other sources as well. College teachers can he interested in this 
problem and can serve as a source of information. Their prestige in 
the State and community is very helpful. Other teachers who have 
had experience with teaching new programs are most valuable, and 
their first-hand experience should not be ignored Demonstration 
classes should be used whenever possible Teachers have a hard 
tune believing that some of the suggested topics can be taught to 
children Seeing it done can be impressive. All meetings with 
teachers should include time for discussion and questions and answers. 

Individual contacts should not be ignored. Interested teachers 
can learn enough about the new programs to teach one course in an 
acceptable manner Many teachers have attended summer institutes 
sponsored by the National Science Foundation and others. Although 
it is true that most of these institutes stress mathematical content, 
but do not show the participating teachers how this content may be 
used in the classroom, the teachers can, with some effort, successfully 
teach a modern course of mathematics the following year Instances 
can be cited in our State where this has been done 
The State Supervisor might suggest that the Foundation's Summer 
Institute for Mathematics in his State provide the participants with 
an opportunity to plan how they can use some new approach or other 
in their teaching the next year. The Foundation is committed to the 
goal of improving the teachers’ knowledge of the new content in 
mathematics. All programs sponsored by the Foundation reflect this 
goal. That the teachers should improve their knowledge of this new 
content is indeed necessary, but in addition they should consider 
various methods of presenting it to their students 
A study of methods may be done effectively by using not more than 
one-fourth of the participants’ time during the summer institute. The 
ideal way perhaps is to provide a seminar during the entire period in 
which the teachers can work on this problem. During the NSF 
Summer Institute for High School Mathematics Teachers held at the 
Oklahoma State University in I960 the following procedure was used 
Participating teachers enrolled for two specially provided courses in 
t e content of mathematics. Three courses were available, one on 
algebra, one on geometry, and one on the mathematics of the 12th 
grade; the latter was called Analysis and Statistics. The entire 
Institute program was tied closely to the School Mathematics Study 
roup textbooks, grades 9-12, but, these books were not used in the 
above-mentioned classes as texts. The professors did base their 
ectures on the concepts included in the textbooks, but when time 
was available went beyond the level of the high school books. In 
addition to the two courses they selected, the participants were re- 
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quirt'd to spend approximately two hours a day in a seminar or work* 
ing on a seminar problem. 

Lectures consumed about one-fourth of the time allotted to the 
seminar period. These lectures discussed the general idea of modern 
mathematics programs for the schools and the School Mathematics 
Study Group program in some detail. Several special lecture a dis- 
cussed other experimental programs. One of these lec turns was 
Pro feasor Charles Brumfiel of the University of Michigan, who dis- 
cussed the books being prepared by Brumfiel, Shanks, and Eichola. 

Early in the summer the participants were asked to indicate special 
interests, so that the group might be divided into smaller study 
groups for the main part of the seminar activity. In most instances 
these smaller groups were separated by grade-level interest. The 
teachers were tokl to choose s group and level which they feljl would 
be useful to them in their classroom work the following year. There 
was one subgroup, for example, made up of teachers who expected to 
tesch 9th grade the following y ear. Many of the subgroup knew al- 
ready that they would be using the SMSG./Y-d-IVor Algebra, This 
subgroup examined the book critically in order to familiarize them- 
selves with the content and the way algebra was organized and struc- 
tured in the book, and it suggested some additions and deletions. 
Finally, the subgroup submitted a written report on what they had 
done. This report was made available to each participant after the 
Institute closed. 

Other subgroups carried out similar projects and submitted written 
reports on their findings and recommendations. The reports were 
bound in a single volume and copies were made available. 

The purpose of the seminar was twofold: to give the participants 
an overall picture of mathematics developments in the secondary 
schools, and to have them study the SMSG textbooks thoroughly 
enough so that they could go into the classroom in September and 
tesch the material with competence and confidence. This purpose 
was accomplished with nearly all of the participants, and a large 
percentage of them actually taught mathematics from the SMSG 
textbooks during 1960-61. 

This discussion so far has dealt largely with the stimulation of the 
individual teacher or of a few teachers in a particular school district. 
This is important and is a necessary step in the early stages of intro- 
ducing new content and point-of-view in teaching. We in Oklahoma 
are convinced that this is an effective way of getting a modern program 
underway in our schools. A single teacher teaching one or two 
sections of general mathematics, elementary algebra, or plane geom- 
etry can have a profound effect in a community. The fact that the 
pupils understand and are interested in mathematics, often for the 
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first time, become# well known in the school and among the parent*. 

ther teacher# become interested and other parents want to know why 
™ children are not in these classes. From this simple beginning we 

have e^»d*nee m many school systems that the offering is much 
expanded the following year. 

In f*ct, it is not necessary for teachers to wait until they have 
new textbooks to start improving their teaching. They should lie 
encouraged to do something immediately. They can begin with one 
or more units, such as units on exponents, sets, or inequalities. Teach- 
ing material for these should be made available to the teachers and 
sinoe it must be integrated into the work based on traditional Lext- 

b00 “* !i C4nnot ** bodily from the SMSG or other 

textbooks. Teachers can make these adaptations under proper 
guidance in a summer institute; but working alone, without adequate 
stimulation and help and with all of the other thing, a teacher is 
expected to do, it is not realistic to assume that they can integrate 
the new mathematics with the present traditional material. The 
l5Ute Supervisor of Mathematics can assume leadership in organising 
inaemce education institutes, but he may wish to seek the counsel 

and help of competent teacher* in the State and of mathematicians 
in the oouegea. 

It i. often worthwhile to work with the enure mothemotio suff of 
• echool ■T*t*m. Under piwjaUsilldiuonl this neceaeiutos some 
program of maemce education for theN^hefs. It also involves ' 
^cooperation with the administration ,fid perhaps a nearby 

Since Dr. Gundlaoh’s paper will probably deal with preservice 
and maervioe education for teachers in a large school system, brief 
reference will be made here to a neglected source of personnel useful 
in working with smaller schools. We refer to the comparatively 
large number of former participants of the NSF Academic Year 
Institutes. Before June 1960, 3,344 mathematics and science teachers 
had received a full academic year of training at the graduate level 
in these Institute*. Approximately 1,500 per year are bqing added 
lo this total. Despite the fact that 95 percent of these participants 
remain in the teaching profession and perhaps 80 percent return to 

high echool, this potential for competence and leadership is not 
being effectively used. 

Studies sampling these participants show that they earn more 
money, have a higher status in the schools, do a more effective job 
of classroom teaching, and engage in more professional activities 
than do other teachers. They also have favorable attitudes toward 
phatf o eir education experience. 1 Only a small percentage 
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of them, however, have any administrative responsibilities. (Those 
having such responsibilities are mostly the ones who are also high 
school principals.) These men and women are scattered over the 
United States as classroom teachers, many in small schools. They 
are available, eager, willing, and competent to help their fellow 
teachers. A project to make adequate use of them in the schools 
is waiting to be designed and consummated. It can be done and 
in the field of mathematics perhaps the State supervisors of mathe- 
matics may have to do it. 

Perhaps it appears that the school administrators have been 
ignored in this scheme for stimulating local efforts 4*) improve mathe- 
matics teaching in the schools. This is not intended, but the theme 
of this paper is that the effort and leadership should be concentrated 
in competent, well-trained mathematics classroom teachers. The 
administrators have been very cooperative and helpful in advancing 
the program in the schools of our State, but i^he actual accomplish- 
ment has been achieved by the individual teacher in the classroom. 
The administrator must be willing to provide the teaching material 
and facilities, time for preparation and inservice education, as well 
as stimulation and encouragement. As individuals, administrators 
usually do not have the knowledge of content and point-of-view so 
urgently needed by the teacher, nor should they be expected to. 
In a sense they follow the jjrocedure often recommended for handling 
gifted students; that is, give the teacher what he neecjs to, teach good 
mathematics and then get out of his way. A good teacher will do 
the rest! ' ^ / - 

A word should be said about curriculum materials for a modern 
mathematics program in the schools. It is not realistic to expect 
teachers in small schools to write their own' materials to- any large 
extent. The .State Supervisor must depei\d' < 6p. teaching materials 
already available. Fortunately, such* materials, have been 'written, 
and are available. The State Supervisor is.famiHar'yyith— - or should 
make himself familiar with — these materials and >with textbooks 
that are now beginning to appear. ' ‘ ' 

In Oklahoma we have made extensive use of the SMSG textbooks, 
grades 4 through 12. Something like 40,000 of them will be used 
ih the State next year. There are several reasons for doing this: 
(1) Teachers in the State, at both the school and college, level, have 
had a considerable part in writing and trying out these books. (2) 
We have found them teachable and effective in the classroom. (3) 
They are readily available. (4) Our administrators have been willing 
to buy them in large numbers. We freely admit a bias toward 
these materials and their wide use is not meant as a criticism of other 
teaching materials. 
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A word of warning is in place here: we should examine carefully 
and critically new books that will be published in the next few years 
for this purpose. The terms “modern mathematics” and “contem- 
porary mathematics” (not really descriptive of what we are trying 
to do in the schools) imply to many that new or “modern” concepts 
should be introduced into the textbooks. Hence, books (particularly 
revisions of older textbooks) will be published introducing material 
on sets, for example, but will make no further use of this knowledge. 
Such things have been done before and we should expect them to 
happen again. 

Something more should be said about preservice education for all 
teachers who teach mathematics in the schools. The content of this 
training has been discussed, but what about the State Supervisor’s 
role in getting changes made in the college curriculum and in State 
certification and accreditation procedures? 

From the standpoint of college programs for prospective teachers 
two things may prove useful: There should be a State level committee 
on mathematics and an attitude or point of view on the part of admin- 
istrators, especially the superintendents, that it is the obligation of 
the college to turn out teachers qualified to teach the new materials 
in mathematics. If you do not have a State committee on mathe- 
matics go about getting one appointed. The logical spot for it is 
in the Curriculum Division of the State Department of Education. 

In Oklahoma, the State Mathematics Committee was appointed by 
the Oklahoma Curriculum Improvement Commission, a part of the 
Curriculum Division. The Commission, operating largely on mem- 
bership fees from schools in the State, has a relatively small budget. 
The committee should include representatives from mathematics 
• tea chers at all levels, elementary school through college, school 
administrators, and State Department officials. A committee of 
about 25 members seems to be about the right size. Above all it 
. should have active, courageous leadership. Perhaps * the State 
Supervisor can serve as chairman, but an interested college mathe- 
matician will also be effective. If he is carefully selected, his prestige 
will add much to the e^eptance of the committee’s recommendations 
to the schools as well as to the colleges. 

The State committee need not, probably should not, have any 
power of decision regarding the adoption of a State" curriculum in 
mathematics; but it should make ’recommendations and have the 
courage to make them to any group, when it feels that mathematics 
and the teaching of mathematics can be improved. Recommenda- 
tions by such a committee with a properly chosen chairman will 
have an effect on the colleges in the State^. New courses, or the same 
courses taught from a modern point of view, can be suggested for 
emeso— as- — s 
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preservice education of teachers. These suggestions are likely to 
be accepted by the colleges. 

After, the proper atmosphere has been created, the committee, or a 
cooperating university, can suggest some thordbghgoing study of the 
problem of preservice education of mathematics teachers at all levels. 
Most colleges have it in their power through the standard procedures 
of the State Department of Education, Certification Division, to 
change their teacher-training standards when they are ready to do so. 
From the standpoint of the mathematical organizations definite 
suggestions are already available. For example, the Committee 
on the Undergraduate Program in Mathematics (CUPM) of the 
Mathematical Association of America has a T eacher -Training Panel 
that has made definite suggestions for improved courses in mathe- 
matics for teachers. CUPM has the financial backing and the will- 
ingness to help any college or group of colleges implement such a 
plan. Someone in each State should start the colleges working on 
this project. The State Supervisor through an active State com- 
mittee can do this. New teachers coming into the schools will then be 
adequately trained to teach a modem program in mathematics. 

By talking with superintendents the State Supervisor can do much 
to stimulate or create the point of view that is an obligation of the 
colleges to turn out qualified teachers. If the State committee can 
foster this attitude, and especially if there is at least one college 
in the State where such new teachers are available, the point of view 
will grow rapidly. This is one of the values which can come from get- 
ting a single class in a modem program established in a school system. 
If it is successful, and it usually is, the administration will want it 
expanded. This poses the problem of retraining the other teachers in 
the school which we have already discussed. If the superintendent 
has hired a beginning teacher just out of college, it is easy to raise the 
question as to why this new graduate is not qualified to teach this sort 
of mathematics. The schools have a right to expect such training on 
the part of new teachers and many of them are beginning to demand 
it. It is within the responsibilities and the obligations of the State 
Supervisor to suggest that administrators press this point. 

At this juncture, we might consider what a program for the prep- 
aration of secondary school mathematics teachers should do. Here 
are some suggestions: 

Um ****** fnmmmtt Tiurtim liHil Ttn m 

1. Include a thorough, college-level study of secondary school mathematics 
curriculum. 

f 
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2. Take into account the sequential nature of the mathematics curriculum- 
and in particular provide the prospective teacher with an understanding 
of the mathematics which his students will meet in subsequent courses. 

3. Include a major in mathematics, with courses chosen for their relevance 
to the secondary school curriculum. 

4. Include sufficient preparation for the later pursuit of graduate work. 

5. Take into account the recommendations for curriculum improvement 
now being made by various national groups. 

6. Include work in related areas where mathematics is used. 

7. Have its fifth year consist largely of subject-matter courses. 

Regarding changes to be made in State certification and accredi- 
tation we recognize that the State mathematics supervisor is in a 

8 / I r> t j glC P 0811 * 00 ' 8 alread >’ a member of the State Department 

of Education and the directors of teacher education and certification 
already have a movement under way to improve the qualifications 
and preservice education of both mathematics and science teachers. 
Sponsored by the National Association of State Directors of Teachers 
Education and Certifications (NASDTEC) and the American Asso- 
ciation for the Advancement of Science (AAAS), this movement has 
resulted in a certification study which began under a grant from the 
Carnegie Corporation of New York on December 1 , 1959. Composed 
of representatives of teacher education, college academic faculties, 

" tate jP ftrtrne nts of Education, the public schools, national, pro- 
fessional, and academic organizations and accrediting organizations, 
regional conferences have been held and recommendations have been 
mttde - , Fr ^ n the *« recommendations guidelines have been con- 
structed. These were discussed later and constructively criticized by 
various groups, and then revised. 

The points of view of the mathematicians and the various studies 
under way in modernizing the school mathematics program have been 
given much attention and have had a marked influence on the final 
recommendations of the NASDTEC-AAAS study. Further, as 
observed by Dr. Gail S. Young of the Department of Mathematics, 
Tulane University, the NASDTEC-AAAS certification study was 
t e first occasion . . . for mathematicians to influence policy of 
State Departments of Education and educational administration on 
a large scale."* Also the facts noted above have impressed college 
and university mathematicians to the extent that they will help to es- 
tablish an adequate mathematics curriculum for future teachers of 
mathematics. 

This paper has contended that improvement in the school mathe- 
matic program at any level can take place only if the classroom 
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teachers are both stimulated and given an opportunity to improve 
their own knowledge of the content of mathematics. It has been dem- 
onstrated repeatedly over the country that teachers can learn the 
necessary content and that they can teach the new programs success- 
fully. In the writer’s opinion elaborate schemes worked out at top 
levels by State Departments of Education or national committees will 
not get the job done. It is well known that many of the materials 
now being used in the new programs have been included in recommen- 
dations of committees and commissions for the last 50 years. Many of 
us have served on these bodies, yet little change has occurred. We still 
have had good students going through the schools without, for example,, 
having any concept of the algebraic structure of the number system. 

The implications for the State Supervisor of Mathematics are clear : 
(1) Work with the individual teachers at the classroom level from the 
elementary school through college. (2) Stimulate them to want to 
improve their teaching of mathematics. (3) By any means possible, 
provide them opportunities to learn the necessary content to teach the 
new material. 

The assistance of the administrators must be obtained, since time 
and materials cost money. When teachers are enthusiastic and are 
producing results, administrators are eager to help. 

This task will not be easy. It will consume a great deal of time and 
energy. From results achieved in our State, however, one can say 
that the effort will be very rewarding. It can probably be assumed 
generally that if the State Supervisor of Mathematics does not do it, 
the task will not be done. The Supervisor himself must be a com- 
petent professional person; he must know the materials that are 
available; he must be able to command the respect of teachers, ad- 
ministrators, and college mathematicians in the State. With these 
attributes, or a willingness to acquire them, the Supervisor of Mathe- 
matics can expect that the teaching profession in his State will support 
him enthusiastically. 
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How the State Supervisor Can Promoto Preservice and Inservice 
Education for Mathematics Teachers 

BERNARD H. GUNDLACH 

THE PRESENT STATE of transition in which the school mathe- 
■matics curriculum finds itself raises three fundamental questions: 

1. Why is a revision necessary? 

2. What are the essential features of a desirable revision (a) with regard to 
content ; (b) with regard to teaching approaches and methods? 

3. What can be done to implement a revised mathematics curriculum as 
quickly and as painlessly as possible? 

In this presentation I am primaiilv concerned with the third ques- 
tion, mote precisely: What can supei visors do to further such an 
implementation? 

I do not wish to go into detail here concerning the results in the 
various fields, but since aspects of questions 1 and 2 have considerable 
bearing on question 3, I will sumniarzie briefly those answers which, 
in my opinion, can be given to questions 1 and 2. 

X\ hy is revision necessary f It is necessary because the society of 
which we are a part and the particular needs of this society have 
changed drastically over the past 25 years or so. To fill these ever 
more urgent needs adequately, we simply must bring the mathematics 
curriculum up to date. 


Contmt 

The essential features oj the revised mathematics curriculum fall into 
two categories: (1) content and (2) teaching approaches or methods. 
In regard to content, we must recognize the fact that a considerable 
amount of mathematics now being used in modern business and in- 
dustry, and in modern life generally, is mathematics which has been 
created quite recently and which is therefore almost Ampletely ab- 
sent from our traditional curriculum. To mention only a few, I am 
referring to such topics as Statistics, Linear Programming, Decision- 
Making Theories, and Techniques of Machine Computation. Of 
course, in order to make room for new topics without infringing on 
other equally important subject matter, we will have to delete or de- 
emphasize some of the traditional topics. Such changes in content 
can be brought about by writing new and/or additional text materials 
and by bringing the teachera up to date. After all, it is they who 
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will have to use the new materials in their classrooms. The teachers 
must become thoroughly familiar with these materials. This is pos- 
sible, though not so easily done as said. 



Even more difficult is the task of making parallel changes in the 
teaching approaches or methods ol presentation. A change in ap- 
proach demands a change in attitude toward mathematics, and that 
is a most difficult feat to accomplish for people who over a period of 
many years have elaborated for themselves a rather fixed mode of 
procedure. While it is true that methods of teaching are determined 
to a large extent by psychological and pedagogical factors, it is also 
true that success or failure of a certain teaching approach depends on 
the extent to which the teacher is competent in the subject matter. 
Both factors together make for good teaching and lasting learning. 

No matter what is being said, it is still true that for the vast ma- 
jority of our students mathematics is primarily a tool — a most essen- 
tial one, to be sure a tool designed to enable them to make their 
way in a society rapidly becoming more and more technologically 
oriented and automated. The rate at which changes take place at 
the present time is appalling. No signs of a letup of this trend are 
anywhere in sight. 

In the more slowly paced society of the past, for which our tradi- 
tional approach to mathematics teaching was designed, the chief 
motivatioh for learning mathematics was its social usefulness. This 
meant that our teachers performed an adequate job when they handed 
their students specific tools for specific problem situations and pro- 
vided plenty of practice in handling these tools. In the society of 
tomorrow, which will be that of our students, this will not be suffi- 
cient. Traditional problem situations disappear from the public 
scene as rapidly as automated methods take over. We can no longer 
be sure that the problem situations for which traditional mathematical 
tools or models were designed will still exist 8 or 10 years from now, 
when our students will enter productive society and will be looking 
for satisfactory jobs. They will face entirely new and largely un- 
predictable problem situations for which the traditional tools will be 
woefully inadequate. In such a situation there is only one thing we 
can do: Instead of teaching our students how to use mathematical 
tools, without concern as to where these tools came from and how 
they came into being, we must now teach them how to make their 
own mathematical tools and models for whatever problem situations 
the fu,ture may hold in store. 
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At first sight this seems an almost impossible task. A closer look 
at many experimental results discloses that it is not only possible, but' 
is certainly not more difficult than the traditional task. The reason 
is tins: Mathematics, past, present and future, has a certain basic 
scheme, something that mathematicians call the structure oj mathe- 
matics, which permeates it in all of its phases and is active in it on 
all levels kindergarten through graduate school— and which will 
continue to be there as long as men exist and make mathematics. 
This structure, which appeare concretely as a rather small, finite set 
of structural properties, can be taught and must be taught from now 
on as the underlying and meaning-giving pattern of all mathematical 
instruction. It goes without saying that only a teacher who really 
knowg how a certain piece of mathematics is structured can pass on 
this information to his students. In brief, instead of handing our 
students a set of ready-made tools for well-defined problem situations, 
we must now strive to give them a "kit” of basic mathematical ele^ 
inenta, together with a rather simple set of composition rules, which 
will enable the learner to put together his own mathematical tools 
and models for whatever problem situation he may have to face. In 
a nutshell, while the traditional approach was focused primarily on 
how to use mathematics, the new approach is centered around how 
mathem-lics is being made. 

Our discussion of the making of mathematics leads us into the realm 
of creative activity and creative imagination. As teachers, we know 
that children have and like to use creative imagination. They like to 
take things apart and then put them back together again/ In the 
new approach to mathematics we make the most of this ability of 
theirs. Careful observation followed by individual exploration and 
self-discovery, creative challenge, and the atmosphere of true adven- 
ture are the hallmarks of the new teaching approach to mathematics. 
We have found that for such an approach tp be successful it must be 
started early— kindergarten or first grade, whichever the case may be. 
This means we must start it when we begin the teaching of elementary 
arithmetic. 

MpriMS 

Arithmetic is and always has been a collection of algorisms or 
computational schemes, each aimed at finding or writing, with a 
minimum of expended time and effort, the most convenient numeral 
for a number sought as the answer to a problem situation. Some of 
these algorisms are relatively simple; for example, how to find the 
most suitable numeral for the sum of 3 and 5. Other algorisms, such 
as written multiplication or long division of whole numbers, not to 
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mention the division algorisms for fractional and decimal numbers, 
are much more difficult to loam and remember. Moreover, let us 
face it, most of these algorisms and calculating techniques are far 
from inspiring and challenging. Rote learning and the drudgery of 
memorization seem inevitable and lead to frustration and boredom, 
the latter being the most dreadful enemy of* any inspired learning. 

In the past, we have tried desperately to motivate the learning of 
these algorisms by pointing to their undisputed social and technical 
usefulness. Now that this usefulness h&* ii** if U » ome highly prob- 
lematic, we have to replace it bv another and, indeed, stronger moti- 
vating agent. This agent makes the learning of mathematics on all 
levels almost completely self-motivating. Algorisms do not just 
happen. They are essentially nothing but short, abbreviated, and 
therefore frequently obscure, arrangements of numerals duplicating 
the fundamental operations and relations that occur between numbers 
according to the structural properties of arithmetic. As such, they 
are concerned with numerals rather than with numbers, with con- 
venient writing arrangements rather than with meaning and under- 
standing. In contrast to this approach, our updated presentation is 
aimed first at bringing to light all of the underlying structural proper- 
ties which alone bring meaning and understanding into mathematics, 
and second at showing how certain mechanical algorisms will produce 
the desired results without going through the whole long /but logical 
chain of thinking steps every time. I>*t me give you just & few typical 
examples from elementary arithmetic. 

Example 1. 7X17*»D 


Algorism: 

17 

X7 

.119 


By ths Structural Properties: 

7X17=7X(10+7) 

= (7X10) + (7X7) 
*=70 +49 

=“70 +(30+19) 

= (70 + 30) + 19 
= 100 +19 

= 119 


Or take this long division of whole number*: 


Example t. 1491 -*-7=» □ 



Algorism: 

By the Structural Properties: 

213 

7)1491 


7)1491 

700 

100 

14 

791 


9 

700 

100 

7 

91 


21 

70 

10 

21 

21 



21 

3 


00 

213 


* 
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Now let uft lake a quick look at a division involving two fractional numbers 


triple 5. 3 5 

rr D 


Algorism: 

By the Structural Properties: 

3 5 

3 5 

4 ^6 

r<r a 

- 

9 10 

.< 5 


9 

9-t-lO 

10 

12+12“ 


9+10 9 

1 _9 " 10or 10 


Of course, the algorism in each case is faster and more convenient; 
it was designed to be so. We do wish to teach the algorism, hut only 
after we- have led our students, using the method of self-discovery to 
the greatest possible extent, step by step through the background of 
meaning which makes the algorism possible. No algorism is under- 
standable as such—- it can be understood only by deriving it from the 
structural properties of arithmetic. 

^ ou will begin to see that this sort of teaching does not really 
require the learning of new mathematics. Instead, there needs to be a 
• fresh and somewliat deeper look at the traditional algorisms and 
computing techniques, at many of the son-ailed “basic facts”, to give 
them real meaning and purpose. Then and only then do they become 
truly useful and applicable. Only then will our students learn them 
in a truly meaningful manner. 

Thi New Text Materials 

T ou are aware of the fact that new and modified text materials 
have been wrritten. Not only this, but they have been tried with 
very satisfactory results. The children can learn them and learn 
them considerably faster than the disconnected bits in the traditional 
i approach. What is more, they enjoy working with them. 

KjThe children are tremendously enthusiastic. Not so their teachers. 
The teachers not only have to learn new materials; they have to 
unlearn and relearn’. Relearning is acknowledged as much more 
difficult than learning from scratch. In most of our 50 States, 
elementary teachers are required to take 3 hours of “methods of 
teaching arithmetic” for certification. Those 3 hours are the only 
ones they receive in college as preparation for teaching mathematics. 
Some States require an additional 3 to 6 hours of mathematics, but 
these consist largely of traditional college freshman courses in elemen- ; 
tary algebra, trigonometry, or plane geometry. Little if any of 
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thin material proves helpful to them in their elementary teaching:. 
As a result, many elementary teachers have developed their own 
techniques and teaching approaches, frequently bast'd upon incorrect 
mathematics. Some of these teachers are now uneasy about any 
change or revision. Frankly, I cannot say that I blame them. 

Does this mean that as a Nation we must wait until all teacher- 
training institutions have produced adequate preparatory programs 
for elementary and secondary mathematics teachers? Or, to put 
it differently, that for the next 10 years or so we will simplv have to 
get by with the traditional curriculum and approach? . Not only 
would this be most unfair to the younger generation in our classroom, 
but it would endanger us as a Nation, endanger us beyond repair. 
We are engaged in a life-and-death struggle on a worldwide scale. 
The true battlefields of this struggle are not geographic locations 
but the minds of our youngsters. From this viewpoint, we are 
simply facing a basic survival question and may as well make up 
our minds now that working toward an updated mathematics cur- 
riculum no longer admits the easy-way-out attitude — “let’s wait a 
while and see where all this is really going before making the wrong 
move ....’’ If we take such an attitude, it may develop that there 
is no time left for making the “right” move. Let us have the courage 
to experiment, a kind of courage which this Nation has always had 
in the past when facing a crisis. We do face a crisis today, the like 
of which we have never before experienced. We simplv must live 
up to it. 

There is no reason why local successes cannot be repeated on a 
nationwide basis. What has worked for the Greater Cleveland Area 
could work just as well (with proper modifications, of course) for 
other suburban districts, for cities all over the country, and for our 
rural school districts. 

Useful and mathematically sound materials and texts are now avail- 
able. Our youngsters are capable and ready to go, but our teachers 
have yet to master the new materials and techniques. So our precise 
problem is how to bridge the gap or, rather, how to shorten the time- 
lag which of necessity exists between knowing what we must do and 
actually doing it effectively. 


Fwr PraMM Ants 


From my experiences in the Greater Cleveland Mathematics Pro- 
gram (which involves some 120,000 students and their 4,000 teachers 
and vhicll in addition to our own text and inservice materials iilies 
SMSG and UICSM materials), I have come to the conclusion that 
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this lag can be shortened very considerably bv concentrating one's 
efforts upon four principal problem areas. Of course, it takes people 
to do it. As State supervisors you are strategically situated for doing 
it J he four problem amis on which you must go to work immedi- 
ately- and I mean now, this summer- are the following: 

I ^ou inu*t set out to civate a favorable climate of opinion among vour 
school public, parrntu, and community; and you must do it with the full 
cooperation of your school administration. 

2. You must make available new tr*t* and teaching material*, including 
magaxines, journals, and research finding*, and begin to think at>out a 
text-selection committee capable of working in accordance with predom- 
inant national trends and local needs. 

3. You must lay tin* groundwork for a well-organised inner vice and preservioe 
education program for all of your teachers, K through 12. 

4 Wi must begin to organise a permanent resource structure, baaed upon 
certain key personnel and capable of reaching every classroom and every 
school of your system 

Ixd me elaborate each of these four points. 

A Fmnik dkaitt 

Creating a favorable climate of opinion among the school public at 
-large is a fundamental point; it requires the organization of a large- 
scale public relations program. In the first year" of the GCMP we 
made the almost fatal mistake of not informing our public as to what 
we wera trying to do and why we were doing it. Of course, children 
did take work home from school and perhaps asked their parents for 
help. Many of their parents were completely floored when they saw 
problems and exercises that seemed to have little if any resemblance 
to what they remembered having done in school long ago. Rather 
than admitting to their children that times have changed and that 
youngsters in 1961 must learn about things that simply did not exist 
25 or 30 years ago, they took a conservative and even hostile attitude 
toward the revised program along the lines of the ancient fallacy: 
that what was good enough for grandpa in his time should certainly 
be good enough for little Johnny today. In a free and democratic 
society, where we do not have antf do not wish to have revisions 
dictated by the pen of one m«yi or by a small group in absolute 
command, our only hope to meet the challenge which we are facing 
is a completely informed public. 

In our second year of the GCMP we gave general presentations of 
our program, as well as detailed subject-matter lectures, to over 200 
PTA groups and talked to many civic and professional organizations, 
so iciting in each case their moral support. Once we had put our 
cards on the table, we always obtained their wholehearted support. 
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We did succeed in cresting i climate, of opinion favorable to our new 
program and in bringing about an atmosphere wherein fathers and 
mothers worked along with their youngsters in an effort to keep pace. 

The PTA in some communities occasionally puts on a mathematics 
session foi< intei^^ed parents instead of a pot-luck supper. These 
sessions w£h»_&)wys well attended, there was great eagerness to learn, 
and much excellent homework was done. As a result of this effort in 
public relations the students received at home the moral support and 
the encouragement without which the best teacher’s finest efforts must 
remain spotty and incomplete. It developed that three 2-hour ses- 
sions were generally sufficient to bring the parent of an elementary 
child up to date, so that he could not only understand what the child 
was supposed to do, but also tender a helping hand when needed. 
Junior high school parents required five sessions. Thus far, we have 
had no experiences with high school parents, but should have some by 
the end of next year. 

There is yet another important aspect to a well-informed and 
favorable public opinion. A new program such as ours of necessity 
creates certain additional expenditures. When our patrons are made 
to see that a topnotch, up-to-date educational program is not only 
the greatest thing they can provide for their youngsters, but also one 
of the key factors in our present worldwide struggle for survival, 
they will adopt quite a different attitude toward higher taxes for 
educational purposes than the one that many of them now profess to 
have. But it is essential to offer them a real chance to see and under- 
stand these needs in concrete detail. 

Much of "the financial support for the GCMP comes voluntarily 
from Cleveland business and industry, both small and large. The 
leader! j n this important area of our national life know quite well 
that their own strength rests upon the strength of the Nation, and that 
our Nation’s real strength lies in the minds and potential abilities of 
our younger generation and in the degree to which teachers can de- 
velop them. It speaks well for the farsightedness and dedication of 
American business and industry that they are willing and eager to 
support educational programs to the extent that they do. Each 
each district, each city has its own particular business and 
industry. What has been doiie in Cleveland can be done elsewhere. 
Make your problems and needs known to business and industry in 
detail) convince them of the urgency of up-to-date educational 
programs. I am sure they will help. 

Of course, such a public-relations program is possible only with 
the full support and active cooperation of State and local school 
administrations. In their annual conventions the school adminis- > 
trators of this Nation have been given the basic facts and needs as 
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far as known. They do not need to be convinced all over again. 
They know tJie time has come when some thing must be done, and 
that their active help and support are needed on all levels The 
Greater Cleveland Mathematics Ingram (GCMP) came into being 
through the earnest concern and interest of 21 suburban superintend- 
ents, all of whom had put a revised mathematics program with top 
priority on a list of 12 urgent school problems. 

It is tiie superintendent who in any given ease must decide whether 
a certain limits! amount of money, is to be spent on new band uni- 
forms, new physics laboratory equipment, or a new mathematics - 
program. We know that our Nation is wealthy enough for our 
schools to have all three, but if such a decision has to !>e made in 
certain cases, the superintendent is the mau who makes it. If he is 
not convinced already that a topnotch, up-to-date, instructional 
program is the primary objective of any school system, he must be 
made to see it now. For as the superintendent goes, so go the princi- 
pals; and as the principals go, so go the classroom teachers. This, 
then, is the area in which you must start. The I S Office of Educa- 
tion here in W ashington has enough printed information available to 
build a good, solid case for the cause of more and better, but primarily 
better, school mathematics. I can even think of several cases in 
which an enlightened public has forced a hesitant school administrator 
to give full support to a new instructional program. 

I have discussed public relations and the creation of a favorable 
climate of opinion because without such a favorable climate, program 
revision becomes extremely difficult and controversial. However, I 
do not mean that one must take a whole year or so to create such a 
climate of opinion before starting a revised mathematics program. 

The two must simply go hand in hand. 

« fcptwaMtt Mtolia H Not ifaMk 

I want to emphasize the importance of having a representative 
selection of new materials available for study. There are many 
mathematics study groups, so many that I can list here only a few of 
the ones which strongly indicate an overall national trend! Among 
these are the foUojving: 

SMSG with materials for grades 4 through 12 and some enrich- 
ment topics. 

UICSA with materials for grades K through 6. 

UICSM with materials for grades 9 through 12. 

The Madison Project at Syracuse University with materials for 

, upper elementary and junior high school classes. 
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The i^tner Ball State Experiment in Mathematics with materials 
mainly for grades 8 through 1 h * 

The GCMP with materials for grades Kr6 and special topics for 
junior high school classes. 

Although dere are differences among the materials they all agree on a 
sound structural approach to mathematics. 

Two guides will be eminently helpful pd you on curriculum materials. 
I he first of these is a small publication entitled 'Stodie» in Mathe- 
matics Education, Summer I960. Its subtitle is ‘‘A Brief Survey of 
Improvement Programs for School Mathematics,'.’ As. the titles 
indicate, you will find a rather complete list of the foremost mpthe- 
#^nati^s study groups and improvement programs,, together with 
detailed grade-level indications and the names of the respective 
directors. You will also find the addresses of these groups, so that 

maili^lists^ ^ ^ mple '* wa ^ ls ( or be placed on their permanent 

The other guide is the National Council of Teachers of Mathe- 
matics with its main office right here in Washington.' The Council 
is a most reliable source of information about the new curriculum 
content, and methods, and thf rapidly developing national trends! 
Us two Journals, The Anthmetic&kcher and The Mathematics 
teacher , bring a wealth of pemnfflTWorrnation to all mathematics 
. teachers, enabling them to a large extent tumbling themselves, up to 
date and remain up to date. The Council’s yearbooks are veritable 
treasure books of good mathematics and teaching approaches. 

Many of the men and women who served on the original writing 
teams of experimental groups such as SMSG are now released and 
are under contract to commercial publish^ of mathematical text- 
senes. Many publishers are now engaged in producing a new 
and updated series containing the basic principles and apprq^chCs 
which have proved most successful in the experimental* programs 
borne of these new series are availably, others will. be on the market 
before fall, and all will^be available by fall 1962. Some will go all 
out in the new direction and others will strike a reasonable com- 
promise between old and new. Still oth*s will hardly be more than 
revisions and modifications of the previous series because Ihe pub- 
lishers are waiting to prepare a completely new edition until a more 
definite trend has bemwjmevident. Soon you will have a wide range 
o texts from which to <5ioose. Search now for good people to be 
on selection committees. 

You should keep track also of Programmed Learning. No matter 
what you m ay hear about such programs, get all available materials 

• 1301 wth 8t. NW„ WMhtaftoo 6, D.C. 
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and make an objective study of them. There are already certairf 
aspects of programmed' learning-and I do not necessarily refer to 
the so-called teaching machines" but to books— which are sure to 
stay. For example, documented reports show that slow and poor 
learners apparently can benefit immensely from such an approach 
You must keep informed in this area. 

•Make, sure that enough pertinent information is available to all 
of your teachers for survey and study. There are still many teachers 

in this country who ask with regard to SMSG, "What does that 
mean? 


Inssrvfc* Education 

I wish to state at the very outset that you cannot expect any of 
your teachers to be able to handle new or modern text materials 
experimental or commercial, without thorough inservice education’ 
All attempts have ended in dismal faUure when such materials were 
simply placed mto the hands of some unsuspecting teachers with 
.the benign words; "Here, take these and look them over during the 

They T • th<> n ' W J0U “ re going to teach next 

raU. The more obvious reasons for failure, such as being unprepared 

and being steeped in old-fashioned attitudes, have already been 

You know that the great majority of your teachers did not receive 
an adequate preparation to present mathematics in the light of the 
new approach. Not only is it unfair to the teachers to demand the* 
impossiMe from them, but it is outright detrimental to their students 
who will only be confused by what their teachers do not thoroughly 
understand themselves. Never make this fatal mistake, no matter 
ow great the pressure for a new program may be. Summer institutes 
are line and have already given a tremendous uplift to the national 
situation. But do not expect too much from one such institute. 
Twenty years of ai pertain teaching routine cannot be changed in 
four to eight weeks. This takes much more time and patience than 
are ava able in such concentrated sessions as' summer institutes. 
As a matter of fact, I would recommend that you urge into institutes 

only those ofyour teachere who have already had some inservice 
ed uca tion* within the system. 

Our experience in the GCMP tends to indicate that one year (9 
months) of mservico education, topped off with a good workshop or 
a National Science Foimdation^nstitute, is adequate. For this sort 
^u^mce program I would suggest one weekly 90-minute session 
which should be half lecture-demonstration and half work No 
homework>ould be associated with inservice education, except in' 

K 1 


o 

ERIC 


h 




74 LEADERSHIP ROLE OF STATE SUPERVISORS OF MATHEMATICS 

very special cases. These weekly sessions should be held in a locality 

ZnldT* Cla f r ° ) ° m I? cUitie8 ’ and if P^ible projection equipment 
should be provided. Every thiid session might consist of moves 

film-strips or slide materials, followed by a discussion period. When- 
ever possible a special lecturer or demonstrator should come to address 
. ® g ™ UP ' Noattendlrt g teacher should have to drive more than one 

TZllT e cla8s - In the GCMP ' the average dri ™* ™ 

The obvious problem that now arises is how to staff such inservice 
education programs. The most sensible procedure is to select one of 

t^v ^“ in yOUr ,f tate havin S considerable business and indus- 

aL ), ° ne C ° u ge ° r JUnior co,le ? e in the vicinity. From 

and Pv ni C n y ? Cai ‘ u hen 8pread ° Ut t0 cities of similar Structure 
and eventuaUy to smaller place,. After that, you can tackle the 

jural areas, since by then yoirWl have personnel aVailable rec^ited 

Z ^rT, p T am9 - Some of - vo " r ™ 

•.?Z^Tm tiCUt ~ h r * 9t8ff 0f '-ting experU opeZg lit 

of the central office; results appear to be very satisfactory* 

In the T rb f C ° IlegeS and univer8 ities should be enlisted 

grea? conc rn m prir of m09t c< >Ueges and universities a 

schools Thir^n ^ improVe u mathema tic8 teaching in the public 
an aim™* a i de P artmen t8, when properly approached, should be 
/ a ! mo ® t ,d eal source for additional staff. As I said earlier this will 
require funds for compensating these people. Without money no 
inservice p an will ever work. There are also a considerable number 
of traveling lecturers proved by Mathematics Associations and the 
anous local Councils of Mathematics. In Ohio for exanmle 

fornoffiin^m^ 68 traVeling WOrk8ho P« anywhere in the State 

for nothing more than traveling expenses. 

Good outside personnel are essential to get a program started b„t 

T Ceaader Way \ your m08t important source of manpower comes from 
the classrooms ,n your own schools. Almost everTbuilding h^ aJ 
east one teacher who is particularly interested and well prepared in 

now but* Z IT? Ti level u y °“ may not know this Uon 
now but you can certainly locate him by consulting local supervisors 

and principals. You will want to seek such tethers for ZZ 

training as group and discussion leaders. They must however be 

umie^T adniinistraZ and C 

P 0 i„r hC l,rT 9 : tl0n and relea8ed time ' This 18 » important 
. Although it is quite true that most of our teachers are willing 

themTb,r r 10 r prove , them8e,ve8 ’ * » true that mo^of 
obligations. 7 Pe ° P * ° Ut8lde of 8cho ° 1 ’ w,th community and family 
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^ a ** axoAute 


mind It ^ a s t mTl n " mber ° f J"* ke >' P-Pb, keeping in 
than subject-matter masted Without rnTt,^ "'Z m ° re 
get off the pound; with them you can *1 tZ^VoT wS> T" 

Sier 4°o U w^ld^lke n a C ^ e d n ,«„ Un '° r 8Ch °°' 

an upper elementarily, m ? T 810 " ' < '“ der mi/or ><*‘urer for 

; £2 r ** ^p\^“rX r 

but — d ° - 

on levels of “ 0 ®” •* Zf* 

kt. E s^rsrx-rr, 

up to too teachers at a given hour In m^T W ° rk 8e98i ° ns ° f 

division would consist of four groups; K-3 Z^TlVTlf 
There is some evidence that tk~* *v„ ’ v ’ and 10 ~ 12 - 

2££ b ’.^7 T“ ™*~ 

sssa£^$5»r*?r 

non 


= - w: ^ at;l 

stud™,r4“he a ;r zt upo v n Y et ° f » *• ■* 

make too much difference which^Jms^Z” Z Tf* " 0 ' 

people in the spreading organization. If plible Sn a bZ 

ZZ JT, eaCh r up ab0Ut nionth or have such 4rto 

forwarded to you through the fecal supervisors Get allJ^Ki^ 

elp from thelocal superintendent, curricular experts counselors and 
pnncipals. We noticed soon after we had stJt^i VT ’u > 

coordinators were elementary principals. ° Ur ^ 
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The very first goal of any inservice program is to dispel fears and 
apprehensions in your teachers. Assure them that they do not 
really have to relearn all of mathematics or arithmetic. Convince 
them with concrete examples that what counts most is a change in 
attitude toward the subject— a new look, a different perspective. Go 
very slowly at, first, and make sure that each group sets its own 
pace. It is not important how much ground is covered, but how 
deeply one looks into every bit of material. 

A group should take just one topic at a time, always from the 
integrated viewpoint of subject matter and teaching approach. When 
possible, have specially gifted or interested teachers give classroom 
demonstrations using nonselected groups of children. Also urge 
your guest speakers and visiting lecturers to use live classroom 
demonstrations. Frequently one 50-minute demonstration makes 
a certain point bettor than a^-hour inspired talk. Throughout, 
emphasize the underlying structural properties over any computa- 
tional details, encourage the discovery method as opposed to the 
lecture-demonstration approach, concentrate on developing thinking 
ability in students, rather than memorization. You can help the 
various groups with a mimeographed periodic circular describing 
4 how to make a certain teaching device or telling about a certain 
successful enrichment topic suitable for a particular age group of 
students. 

Throughout this first inservice period, no teacher should take any 
half-digested new topics into the classroom; warn all teachers re- 
peatedly against this tempting action. On the other hand, certain 
teaching approaches or discovery methods may be applicable imme- 
diately to a whole variety of topics, including certain good puzzle 
problems and arithmetical games. ' 

All elementary teachers, K through 8, shwuld master the structural 
properties of the arithmetic of whole numbers as listed below: 

Addition — * ' 

Is commutative. ~ 

Is associative. 

Has a left and right identity element (0). 

Has an inverse (subtraction). 

Multiplication — 

Is commutative. ^ 

* Is associative. 

Has a left and right identity element (1). ' 

Has an inverse (division). * 

Is left and right distributive over addition. 

The set of whole numbers — 

Is dosed under addithfti and multiplication. ^ 

v 

■' ' ‘\ ' 

• * 

I n k. - .., ... . , i ’■ i , n r . i 
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with .I; teacl,ere "met acquire some degree of familiarity 
h the simple language of sets and set relations. All teachers will 
have to understand that in arithmetic there exists fumk. mntal 
only one opera t.on, addition. Subtraction is taught as the invel^ 

nun W^T!.V UCat ' 0n a Pr f ent * d ” “ re t*“ted addition of the same 
’ division is made plausible first as “repeated subtraction of 

i8 .‘ h - as the inverse operation o 

multiplication. AU algorisms pertaining to these oneratinna 

°V, h K 8t rr‘ Prop "‘- which they are 
enved. This is taught by the discovery method. * 

4 

totimmt Rndtotss of ttw Basic Structure 9 

Although it is true that such an inservice program as described in 
hns. paper w"l be needed only until you can hire newly certified young' 

ulv mZ m«ZI ri, 0UghlV f T‘ Uar WHh *“ «Zodeme W 

l„afnta,n th k ' here are hree P° int8 which "lake it desirable to 
.muoZr.il!r C ° , * an '“ ti0 " al 8t "*‘“re of the pmgram in con- 

cafbT'utad ,7"'Z“ iC 9t ™ tUre with certain simple modifications 

ZalorZl^e . /‘"T 1 , Pr0gn ‘ m in 4 different 8ub j*'‘ m atter 

area, ior example, a revised language curriculum with a atr.,et..rai 

grammar approach (o^which there is much Zk 7n weVSZ 

,"* 8) ; ° r t0r ; ."7“ •«« studies curriculum ; or J„ 7her ZIT™ 
in sciences or foreign languages. programs 

Jt e TT° n ° f the nuniber 8618 from the set of the whole numbers 
“ ‘ ““ ° f tb8 ,nt< * er8 and then to the set of the rational nufiiblre is ‘ 
“ r ptnhicn once the same basic structural propertihrWe been 

thl m a "f U " de T°° d Purther work i" arithmetTshould rektl 
tm,7 8tructu r al Pcoporties to real life and should use them con- 
S^°Z they i ha kT e h^®n introduced. Many movieg >nd 
structural nZ *. “ ble whl ;' 1 ' f 'a‘“ro good presentations of the 
eduction “ P ° 88ible UW th68e ,0r yOUr in8erTi “ 

^As a matter of fact, your inseriWce program, once started,, will soon 

With ° nly an occa8ion ^ gentle prodding here 
yl t ^ et aZ f e 0perftti ? 0f your ^ inservice p^ram ‘ 

peoplTin hi fntt ° f " am ? ° f J*? ple who ^ becom « the realkey 
people in its further spread and development. 
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Second, many years will pass before we can hire all the well-prepared 
mathematics teachers that our Nation needs. Mv best guess is that 
this will begin to happen 5 or 6 years from now. (Many of my col- 
leagues, however, speak in terms of 8 or even 10 years. 

Thirrf, since our society and its needs Are changing so fast, to keep 
ourselves informed and up to date will become more and more a 
problem all bv itself. Even if the original inservice groups graduate 
to the level of study groups or journal-reading seminars, some definite 
measure will have to be taken to make certain that in the future we 
do not again fall as far behind the times as we have now done. Thus, 
some form of inservice education will almost likely become a per- 
manently established feature of all modern school systems. 

At the end of first year’s inservice program, you should be able to 
compile a list of key teachers. If possible, there should be a teacher 
for every grade level in every school building. For the future, \his 
teacher will be prepared to help any of the other teachers in the 
building, by answering their questions, by teaching a demonstration 
class for them, or by making available helpful printed materials and 
bibliographies. Tt is desirable that most, of the commonly occurring 
teaching problems be handled within a building oral least within any 
one school district. 

.During the progrands second year you should provide a monthly 
workshop sessioft; by grade-level grouping^ for all of these resource 
teachers or coordinators. In these sessions they discuss the problems 
that occur most frequently. They also arq given more advanced 
training in difficult subject-matter areas and are brought up .to date 
on recent developments in those areas. These people are urgraUfo 
attend meetings of local councils and those of the State Counclr^k 
Teachers of Mathematics. Their schools sho«Id pay their wai7% 
These people will play a decisive role in textbook selections, and their ^ 
services will be sought fbr presentations and classroom demonstrations 
for PTA groups. In manv cases they can function as mathematics 
consultants for their respective' principals. 

As far as preservice education is concerned,, these recognized key 
people may again be called upon to introduce newcom&s and substi- 
tute teachers to the program.. If your inservice program can be 
scheduled for evening sessions, prospective teachers and even high 
school seniors who plan to make a career of teaching should be invited 
as regular guests. 

A very small and highly selected group of your owft teachers should 
be instrumental in organizing and, staffing a preseryice workshop just 
before the beginning of each school year. In most cases you can have 
an effective workshop using the services of Just one supervisor and 
one outside speaker. The important details will be managed by your 


LEADERSHIP ROLE OF f^TE SUPERVISORS OF MATHEMATICS 79 

own experienced mathematics teachers, thus giving much inner' 
strength to the school system. 

I know that the organization of such an inservice program as I have 
discussed is a hard task, fraught with many difficulties that I have not 
even mentioned. But all of these difficulties can he met successfully 
when they arise. On the other hand, without such a program vou 
cannot expect to achieve progress toward an updated mathematics 
curriculum. Do not be discouraged should your first attempt fall 
below expectations. Of one thing you can be certain : You will have 
a list of teachers who will be instrumental in providing a much more 
successful program the second year, This ris what really counts. , 
After all the reputation of our profession depends upon good, capable 
dedicated men and women . Once you have located them, vour further 
problems will be minor as compared to those of the first year. Do not 
forget the many great and powerful organizations on call, ready to 
help you out of any difficulty you might encounter. 

Programs of this type have been conducted and the experiences 
gathered in SHch pilot projects are now available. We may thus 
avoid repeating mistakes. There is really no reason why it cannot be 
done just as well and even better in many other places, and there are 
many good and compelling reasons why it should be done— note * 


The Role of the State Supervisor in Encouraging Research and 
Implementing Research Findings 

JOHN J. KINSELLA 

RESEARCH spelled with a small “ r ” does not mean the same tiling 
11 to every individual. At one extreme someone may want to find 
out how old Columbus was when he discovered America. At the 
other, an investigator in medical research may seek to discover 
whether one type of vaccine is better than another for treating a 
certain kind of polio. 

Research in mathematics education includes a variety of activities. - 
It may involve sophisticated statistical techniques for testing a 
hypothesis connected with a theory of wide application. It may 
consist of determining the evolution of ascertain practice or of a set of 
topics. It may require careful, deductive analysis of some theory of 
instruction. It may demand close observation and recording of a 
few students’ reactions to certain experiences over a limited period of 
time. It may call for a survey of present conditions as a basis for 
next steps. 

Research spelled with a capital “R" is not an easy task in mathe- 
matics education. The prdtyem of con trollingyor taking into account 
certaii) variables is extremely difficult. All teachers are not the same. 
The same teacher is not as constant from day to day; neither are the 
students. Neither is the interaction Jbe tween teacher and student. 

A child in a group does not always behave the way he does in a con- ** 
ference with a teacher. It is no wonder that some observers insist 
that teaching is an art and that research is of little help. 

The physical scientists have available extremely accurate and 
precise instruments of measurement. Our instruments for appraising 
understanding/ attitudes, and interests are crude by comparison. 
Aside from the problem of scaling these instruments it turns out that 
the fields of investigation basic to the study of education, such as 
psychology and sociology, have not developed to the point where 
they can be of first-class help to us in appraising some of these types 
of learning^ 

In thescPpreliminary remarks it has not been my intention to “cast * 
a pall of gloom," to borrow a trite phfkse. On the contrary, my 
80 r ^ / 
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purpose is to save you from expecting cure-alls from research in educa- 
tion The findings of such research must be examined cautiously and 
tested further in a variety of situations. As an antidote to pessimism 
the great improvement in the quality of research in education over the' 


In the time remaining I propose to do four things: ( 1 ) Summarize 
some of the more strongly supported findings in mathematic* educa- 
tion, (2) give you some. of the tentative results of experim^Ks with 
the new mathematics (and suggest some implications), -(3) indicate 

what I think needs to be done to make research efforts more productive 
of more soundly b&sod sn/i ( a \ / :iu 

how you can contribute 


Problem solving, as applied to word statements of quantitative 
situations in arithmetic and algebra, has been the subject of repeated 
experimentation for at least the past 40 years.. Investigators have 
tested a variety of methods for developing the ability to solve these 
‘problems". What are the results? The answer is that special 
methods to teach such problem solving have no advantage over giving 
the student a variety of problems and telling him to solve them by any 
method he chooses. 1 

During much of this century preceding 1940, the teaching of. 
arithmetic and algebra was characterized by great emphasis on de- 
veloping skill in performance by! a heavy drill program. After 1940 
(and before the period of the new mathematics) increased attention 

* given k> what has been called "meaning and understanding" 
and less attention to blind manipulation. During those years 
preceding th£ new mathematics/ teaching was characterized by the 
following: great dependence on the place value of the decimal system, 
more time spent on developing concepts through experience induc- 
tively, more effort made to rationalize algorisms and the relations 
between algorisms, and greater provision made for learning through 
discovery. The results? The meanii% and understanding classes 
did just about as well as others did in computation, retained longer 


rliuTu.-Ji^ . 0tklMX7tie T ^ ta « ta Problem Sotrinc (Dooiowl dlmatetion. 
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what they learned, and were able t-o transfer their learning to new’ prob- 
lems more successfully.* * 

Does demonstrative plane geometry as traditionally taught lead to 
ft gain in the ability to reason more critically in nonniathematical 
situations.’ No. Students of comparable mental ability improved 
just as much as the geometry students even though they didn’t study 
niathem^pcs or logic ('an geometry be taught to improve such 
critical minking without serious loss in geometric knowledge 9 Yes . 5 
Should geometry be somewhat deemphasized so as to achieve this 
general education aim? Research cannot answer that question. The 
answer demands a value judgment The new programs have made 
such a judgment. Their answer is “no”. 

Does a course in solid geometry involving proofs lead t^a gain in 
space perception? No ,By comparing ability-matched groups (some- 
taking solid geometry and some not), researchers found m two large 
and carefully done experinj^nts, that the gains ih spatial perception 
made bv the nonsolid-geometry groups exceeded the gains of the solid - 
geometry groups . 4 Is solid geometry a requirement in many colleges? 
No, except in a pitifully small number. 

Do teaching aids, such as models, manipulative materials, films and 
filmstrips lead to the better learning of mathematics? The answer 
is unclear. It may be that the results depend on the teacher’s skill 
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in using; these aids and his ability to make them an essential part of a 
earning program rather than an appendage or sometime thing * 

How effective is the use of TV in teaching mathematics’ Most 
studies show that about the same amount of knowledge is acquired 
under TV and non-TV instruction However, seldom is TV used 
alone Help-sections and repeated showings are factors in some of 
the experiments Whether the novelty effect is lasting has not vet 
been answered The teacher still has an important role to play * 
lo what extent can success in mathematics he predicted ’ The 
answer seems to he that the success of an individual can be predicted 
only in terms of a probability that increases with his score on the 
predictive instruments. The correlation coefficient between the 
predictor variables, such as previous school grades, marks m mathe- 
matics, intelligence, and aptitude tests seldom exceeds 7. r > The 
standard error of estimate is so large in this ease that a regression 
equation is of little value for individual prediction. 

What is the extent of elementary school teachers’ preparation in 
mathematics? About one-quarter of the colleges require high school 
credit in mathematics for entrance. The amount varies between one 
and two units of high school mathematics. In college it would be 
rare for a student preparing to teach, mathematics in the elementary 
school to have more than two semester hours i^, mathematics and 
two in methods of teaching mathematics. 7 

Do undergraduates in the curriculum for elementary school teachers 
fully understand the mathematics of the elementary school? The 
answer in nearly all research studies is “no.”* 
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What is the attitude of prospective elementary school te«che.r8 
toward the teaching of mathematics? The alarming answer is that 
a large percent of them either dislike it or have a fear of it * * 

What are the recommendations of the Mathematical Association 
of America for the mathematical preparation of elementary school 
teachers 1 The Association propones four semesters of mathematics, 
including number systems, baste concepts of algebra, and informal 
geometry. Further, it would like to see about one-fifth of these 
teachers equipped with about six more semesters of mathematics 10 

What is the state of preparation of secondary school mathematics 
teachers? The U S Office of KducaUon cooperated wnth the States 
of Maryland, New Jersey, and Virginia in 1959 m an excellent study 
of this problem " Covering about 8(X) teachers, the study found 
that although 7 percent of them liad taken no college mathematics, 
they usually taught general mathematics. The mean number of 
semester hours of mathematics was 28. About 60 percent of the 800 
fiad taken calculus or more advanced courses, but only 20 percent of 
this group had taken such work after 1950. Although two-thirds 
had taken a course in practice teaching, only one-half of that group 
had taken a course in methods of teaching mathematics Of this 
one-half only 15 percent hail taken such a course since 1950 About 
one-half of the teachers were graduates of liberal arts colleges; the 
others had done their work in teachers colleges or schools of education 

Similar studies need to be done in other States It is doubtful 
that the results would present a more optimistic picture One con- 
clusion seems inescapable: If we are going to try to improve mathe- 
matics teaching in a State or in the Nation; we should first find out 
what lias he«en the preparation of those who will be primarily respon- 
sible for the improveipent . If the newest advanced mathematics a 
teacher has had is 10 years old, the probability is high that what is 
retained is only a small prerent of what was originally learned. Per- 
haps, then, it is fortunate that only a small percent of our students 
will be ready for calculus in the 12th grade. An interesting question 
for a survey type of research is the nature of the population of second- 
ary school teachers who have attended N8F institutes, the number 
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of institute they have attended, and the nature of the mathematics 
they have studied 

A ray of hope lies in the possibility of self-teaching. Many of U8 
m secondary schools and colleges have had the experience of getting 
ready to teach a course we never have taught Very often a good 
place to begin is with the textbooks to be used by the students es- 
peeialh if answers are available This usually leads to the study of 
Ixxiks on the same, or similar subjects, at a more advanced level 

Hie second or third year of teaching a new course is usually the most 
tuijoymble one 

In the cH*e of the I' S Office of Education study of the teachers in 
the three Stales it was found that the teaching load was heavy m 
terms of number of students, number of different preparations, and 
number of extra-curricular activities, aside from the usual school- 
record keeping In such a situation a teacher would almost have to 
use his summer to get ready for* new course 
The situation in the elementary school as far as mathematics educa- 
tion is concerned is a critical one More than one study has shown, 
that after grades it or 4 children show a noticeable decrease in their 
liking for mathematics It is certainly possible that during this 
period many children of ability come to detest mathematics 1/ f>y 
some magic the teachers of these grades could suddenly acquire more 
knowledge of mathematics and a greater liking for it, fewer capable 
children would decide that matheinatizing is a cruel, boring experi- 
ence. We should all keep in touch with Professor David Page of the 
University of Illinois and Profeasor Robert Davis of Syracuse Uni- 
versity concerning this problem, as well as with IWessor Fred Weaver 
a,nff his group, who are close to the SMSG experiments at this level. 

I have noted previously that attention to meaning arid understand- 
ing without neglecting performance has led to promising results. 
Those of us who are acquainted with the text materials of UICSM, 
SMSG, and l MMaP know that they are characterized by appeals 
to understanding and learning through discovery. Neither the power 
to do nor the ability to think is neglected. On the basis of these 
criteria alone, the teaching, results should be promising. 


Experiments With the New Mithemibc* 

Information about the results of experiments is of two types. The 
first consists of informal, onedeacher investigations with one or two 
classes. The second is descriptive of the preliminary results of teach- 
ing SMSG materials as reported by the Mathematics Section of the 
Minnesota National Laboratory in grades 6 to 12.' 
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In one study, units on relations, number theory, sets, transforma- 
tions, and semigroups were taught to eight high school seniors. Ex- 
cept for the last two units, the average grade on the home-made tests 
was close to 90 percent. 12 » 

Professor Robert Davis of Syracuse University and others working 
in the central New York State area obtained evidence that children 
in grades 3 and 7 could learn some of the basic ideas of algebra, such 
as variable, equation, and directed number. 13 

In a Midwest clasg, units on set theory, Venn diagrams, and the 
graphing of inequalities were taught to an average lOth-grade class 
for 6 weeks. Scores on tests of knowledge and attitude indicated that 
the experiment was a success. 14 

Another investigator tried to find out the lowest grade at which 
average and superior students could master proofs iq demonstrative 
geometry. His conclusion was that demonstrative geometry can be 
introduced as early as grade 7 with a reasonable degree of success. 1 ® 
In the Minnesota experience four average 6th-grade classes used the 
SMSG 7th-gradc materials. Two of the four teachers had never 
taught the material before. The Sequential Test of Educational 
Progress ih Mathematics was given at the beginning and end of the 
experiment. Students of all ability levels profited from the course. 
At the end, almost half of these 6th-grade students scored above the 
national median for 8th-grade students. 1 ® 

In another Minnesota comparison 13 teachers each taught one 7th- 
grade class, using SMSG material; and each taught another class, 
using a conventional texjt. In terms of gains on the STEP test the 
SMSG classes surpassed the conventional groups by an amount that 
was significant at the 1-percent level. 1 ® 

One more illustration may suffice. Six 9th-grade classes used the 
SMSG 9th-grade booklets. On the STEP test they did about as well 
as llth-grade students. 1 ® 

Other Minnesota Pfcports, showing similar results, dealt with the 
SMSG programs for grades 8, 10, 11, and 12. 18 If it can be assumed 
that the STEP tests are valid and reliable measures of improvement 
in mathematical understanding, these results are remarkable. The 
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only other possible question would be whether the teachers and 
students were typical. 

It seems likely on the basis of these embryonic reports that some 
mathematical concepts can be taught much earlier than 'is gustomary, 
and that some of the new mathematics can be learned by a high 
percentage of the students. 


Wjse Use of Research Energy 

In general, my suggestions for the wise use of research energy are 
to give attention to important problems rather than trivial ones, to 
up-grade the quality of research designs and procedures, and to 
improve the organization and administration of research activities. 

The important thing is primarily a matter of value judgments, 
rather than a revelation from research. Essentially, we want more 
students to become more interested and more successful in learning 
more important mathematics, not only for the welfare of the Nation, 
but also for the benefit of the individual. Teams of mathematicians 
and classroom teachers have made judgments as to the mathematics 
that is important and capable of being learned at various chronological 
and mental age. levels. What important research, then, is still needed? 

We need much more experimentation in more States, using the new 
materials with students of different levels of ability and with teachers 
of diverse characteristics. Should certain topics be dropped? Should 
more attention be' given to some topics and less to others? Should 
some topics be delayed and others introduced earlier? 

What, are the qualifications and teaching loads of mathematics 
teachers in a given State and in the individual school systems within 
a State? I have mentioned this one before. The listing for each 
teacher of the names of courses taken x years ago will not answer this 
question. What is the mathematical readiness of the teacher for 
guiding the learning of the new mathematics right now, in 1961?- 
What are the State and local, needs for teachers to carry out this 
function? • 

What is the most effective multi-attack program for developing in 
teachers readiness to -teach the new mathematics? What combina- 
tions of inservice programs, consultants, study groups, correspondence 
courses, summer institutes, and television programs are most effective? 

Moderate acceleration, homogeneous grouping accompanied by 
variations in the programs from one group to the other' and various 
kinds of enrichment have usually been effective with superior students, 
especially in large schools. What are the most effective combinations 
of procedures for superior students in small schools? 
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For too long, perhaps because of .^he nature of mathematics,- we 
have paid insufficient attention to how r students feel about mathe- 
matizing, what their attitudes are, and what factors bring about an 
enduring interest in mathematics. A teacher may be extremely com- 
petent in mathematics and technically superior in pedagogies but still 
leave his students cold about mathematical activity. What are the 
characteristics of those teachers who seem effective in changing 
students’ attitudes and interests? To what extent can less gifted 
teachers be guided to greater effectiveness in these respects? 

These are a few of the problems I think important enough to be 
given more attention through research. Of course, there are others, 
but these seem closer than others to our needs in the sixties and 
seventies. 

I do not believe this- is the time and place to say much about 
improving the quality of research designs and procedures as a means 
for making wise use of research energy. This matter has been 
treated extensively by others in various places. From my experience 
in examining hundreds of research studies in mathematics education, 
I will make a few brief suggestions. 

The methods and treatments used should be clearly defined. For 
example, just what is meant by the “traditional method,” in contrast 
with some experimental method, is open to wide interpretation. 

If statistical tests of significance are to be used, spine form of ran- 
domness has to be applied, since these tests are based on probability 
theory. This statement applies to experiments involving nonpara- 
metric as well as parametric statistics. It is much too common in 
educational experiments to meet the assumption that “if there is no 
reason for believing that the sample is not random, we will assume 
that it is random.” Another gem is the statement that “the results 
of this experiment apply not only to the school in which it was per- 
formed but to all similar schools.” Still another is the assumption 
that representativeness implies randdmness of the sample. 

Two other practices need to be changed. One is the use of 
sensitive high-powered statistical methods on measures of very low 
reliability. This is akin to reading newspaper headlines with a 
microscope. A second is the assumption that if a difference is statis- 
tically significant, then it is important or substantial. Statistical 
significance is confused with educational significance. 

The organization and administration of research are factors in 
the wise use of research energy. . 

Can you imagine the medical profession accepting a treatment for 
a certain disease because it produced promising insults in one experi- 
ment with 50 patients conveniently located in one medical center? 
Such experiments must be repeated, or replicated, many times before 
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much credence is given to the results. On the other hand, repetition 
of encouraging experiments is a rare event in many areas of educa- 
tional research, including mathematical education. We myst do more 
of it. 

Repetition serves purposes other than, increasing confidence in the 
findings. It may make possible their broader application. Just 
because an experiment involving one teacher in one school in one 
town with a special group of students reveals certain significant 
changes in mathematical learning, it does not follow that experiments 
involving different teachers in different schools in different communi- 
ties with different groups of students will produce similar results. 
Such repetition, however, may lead to a more precise description of 
the conditions under which certain results are likely to be obtained. 
This is an important conclusion. A good research program provides 
for repetition of experiments. 

Repetition of experiments which are conducted for too short a 
time is wasteful. In the administration of many experiments more 
attention must be given to the duration. I know of experiments 
conducted in terms of hours and days, in contrast with others re- 
quiring weeks, months, and years. It is obvious that many kinds of 
human learning develop slowly, analogous to the growth of some 
trees. Very often one method or treatment ' seems to have some 
advantage over another (but not a significant one) during the time 
given to the experiment. My guess is that many of these experiments 
might have revealed significant results had the period of the ex- 
periment been longer, ('an schools in some States be found which are 
interested and able to conduct such experiments for longer periods? 

Do you recall the Eight-Year Study of the Thirty Schools? 
Wouldn’t it have been absurd to attempt to draw conclusions at 
the end of one year? It would be just as unfair to demand that 
SMSG teaching prove itself in one year. Of course, I realize that 
delaying evaluation is a tactic that has been used by some vested 
interests at some time in order to protect a prejudgment. Research 
is rarely 'welcomed by those who want to preserve the status quo of 
a program rather than improve it. 

Repeating experiments and extending the duration of some of them 
are necessary but not sufficient for well-organized research. The 
fruits might be isolated and the results unrelated. We need more 
cooperative research projects. By this term I mean more than co- 
ordination of the work of several individuals on one isolated problem. 

I mean a research attack on a problem area with responsibility for 
sut^problems taken over by sub-sets of the entire set of workers, 
followed by coordination and interrelating of the findings. This 
operation is comparable to that of a military campaign, in contrast 
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with rt limited assault on a small, specific objective. At present, 
most research in mathematics education is of this.mflfrow sort. Is 
it. possible to use cooperative research in testing the new curriculum 
proposals? In seeking the most effective inservice education for 
teachers'.’ In investigating ways of improving the programs for 
•superior students? 


Responsibilities.^ the State Supervisor 


Do you know where to find reports of the latest research on mathe- 
matics education? Do you have ways of communicating the gist of 
these to school administrators and mathematics teachers? Have you 
considered putting into State bulletins and journals of State mathe- 
matics teachers associations a section entitled “Did You Jynow?” or 
“Have You Tried This?” 

Do you urge administrators and teachers to write to you about 
research they are conducting? Do you publicize t best* efforts? Are 
you in a position to provide some consultant help in planning and 
conducting research below the State level? 

When visiting schools, do you try to find instances where new 
methods are being tried? Do you encourage regional and State 
conferences to use reports on research? Do you encourage teachers 
to teach the new content, using films and television? Can the State 
in any way help local schools free a teacher enough so that he can 
conduct some promising bit of research? 

These are merely samples of the questions that bear on the problem 
of communicating research findings and encouraging research. No 
doubt you can add to them as well as subtract from them. My 
principal hope is that the sum of the directed numbers will be positive 
and greater than what it was before you paid this visit to Washington. 
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Appendix A. RscofnmtndMl Ltsdifskip Actfritits for Stito 
Suponrisors of MatfcmuUcs 


jHh LEADERSHIP ACTIVITIES agreed upon bv the conferees to 
achieve the four suted objectives of the conference (see foreward) 
appear in this section as a list of over 50 items. These items have 
been class, bed under public .relations, information for educational 
personnel, research in mathematics education, curriculum planning 
and development, preservice and mservice education of teachers 
new media of instruction, and evaluation 

Although the recommended activities are for the most part gen- 
erally applicable, supervisors of mathematics in some States, because 
of local conditions and legislative requirements, may find it necessary 
to omit or modify some of them. 

The recommendations follow; 


SlaU • Supervisor of Mathematics should— 

♦Inform the lay public of present trend* in mathematic* education 
from kindergarten to grade 12. 

♦Spell out, if necessary, the implications of new program* for any 
given school community. 

♦Encourage local administrator* and teacher* to inform parent* and 
the lay public of the changing curriculum. 

♦Establish rapport with mathematician* in the 8tate, region and/or 
Nation. 

♦ Work with State and local mathematical association to provide 
information regarding current development* in mathematic*. 

♦ Make use of such media as newspapers, radio and television programs, 
addresses to local groups, newsletters, local and 8tate professional 
organisations, workshops, meetings, and oonferenoes to help dissemi- 
nate information. 





The State Supervisor of Mathematics should — 

♦Inform administrators and classroom teachers periodically of present 
trends in mathematics education, K-12. 

♦Inform colleagues in other fields of the merits of current programs 
in mathematics and solicit their active cooperation. 


93 




leadership role of state supervisors of mathematics 

♦ A(W school administrators concerning the imjairtanre of unsung 
him! improving the mathematics curriculum 

♦ Disseminate information to the schools regarding teacher participation 
in mathematic* institute* 

♦ 1 ru\i(ie information on the u*e of new instructional media 

♦ Make available for teachers new text*, teaching material, journals 
and research finding* 

♦ Provide bibliographies , urge that every school establish a mathematic, 
library and foster ita use by teachers and students 

♦ Kncourage local school* to purchase, and teachers to use, appropriate' 

current publications, including professional mathematics journals for 
teacher* 

♦Seek the aid of the I S Office of Kducalion aa a clearinghouse for 
the exchange of current publications which might aid the supervisor 
in strengthening instruction in his own State 


R««n* k 


Thr Stitfr Supervisor of Mathematics fkouU * 

♦ Collect, analyte, interpret, and dominate past and present research 
finding* in mathematic* education 

♦ Kncourage research within the State and provide help, to initiate 

plan, and conduct it \ 

♦ Shan* pertinent research information with his colleague, other State 
I Apartments of Education, and the V S Office of Education 

♦ Kncourage carefully controlled research on the effect of new instruc- 
tional media on the teaching of mathematics 


TKr Stair Supervisor of Mathematic* should 

♦ Kncourage the .-stablishmcnt of a continuing, w.delv representative 
advisory committee on mathematics 

♦ Assist actively m curriculum revision by participating, for example 
as a consultant or member on a steering and, or production committee’ 

♦ Help administrators establish new mathematics programs on a sound 
baai*. 

♦ Kncourage local school units to construct their own mathematics 
curriculum guide*. 

♦ Knooujage curriculum committee* to choose realistic, workable and 
consistent objectives; and aasist in evaluating results in terms of the 
object ives. 

, Vr 

♦ Initiate, assist, coordinate and cooperate in the production of publi- 
cations relative to mathematics curriculum planning. 

♦Stimulate interest in better curricular programs by arranging class- 
room teaching demonstrations. 
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♦ Swk and compile for distribution constructive comments and sugges- 
tions from teachers who are working with experimental programs in 
their cl ah* room*. 

♦ Examine the new programs in mathematics to find common areas of 
agreement and/or basic differences in philosophy, mathematical 
structure, and teaching procedure*. 

♦ Help teachers become acquainted with the mathematical content of 
the evolving new program* 

♦ Bntig in specialists, including research mathematicians, tp aid in 
curriculum planning, development of curriculum guides, and mservice 
education (State and or local school districts should supply sufficient 
fund* for thi* purpose ) 

♦ Assume responsibility for evaluating current instructional materials on 
the basis of : (1) mathematical structure, (2) philosophical foundations, 
(3) appropriate psychological principles, (t) pedagogical techniques, 
and (5) evaluative procedures. (This evaluative- information should 
be made readily available to educator* and interested laymen.) 

♦Act as a coordinator of pertinent local and State agencies in developing 
an up-to-date mathematic* program. 

♦ Cooperate with hit colleague* in other States in curriculum develop- 
ment, interview education, and research 


Nwnta Mi IsserAts r te s te r tf T tatters 

Tkt Sun* Svprrruor of .\f alkfmaltc* tkouU 

♦ Cooperate with college personnel and certification agencies concerned 
with preservice education of teachers. 

♦Cooperate with Sta’te certification authorities to raiao standards of 
teacher certification by recommending appropriate requirements for 
teaching up-io-date niathematfhs program. 

♦ Encourage key teachers to attend mathematic* institutes, to gain the 
confidence of their administrators, and to stimulate enthuaiasm and 
interest among other teacher*. 

♦ Encourage, when appropriate, the uae of persons from business and 
r industry to aii&ist with inaervioe program*. 

I ♦Encourage local systems to include student-teachers m their inservice 
programs. / 

♦ Encourage the of live, taped, and/or filmed demonstration teaching 

situation* a* part of inservice program*. » 

♦Encourage teachers who have participated in an inservice program to 
continue their study at a university or at a summer institute. 

♦Work with directors and staffs of mathematics institutes and assist 
them in making the course offerings more valuable to teachers. 

♦Disseminate information to administrators regarding mathematics 
institutes available to teachers. 

♦Participate in professional activities directed toward increased teacher 
competence in subject matter. 

♦Utilise television and other media to promote inservice programs. 


mswo — S3 s 


LEADERSHIP ROLE OF 8TATE SUPERVISORS OF MATHEMATICS 

♦Seek and utilise resourceful and knowledgeable teachers, especially 
institute participants, to assist in stimulating, planning, organising, 
and conducting inservice programs. 

♦Encourage more than one teacher from the same school system to 
apply for participation in the same mathematics institute and en- 
courage th§ Institute directors to accept such groups of applicants. 

♦Encourage teachers to participate actively in professional mathe- 
matics organizations. 


Ntw Msdla if Imtncttofl 

The State Supervisor of Mathematics should — 

♦Provide information as to the availability and use of new instructional 
media. 

♦Keep an open mind concerning the possibilities of new instructional 
media, pending more experimental evidence. 

♦Encourage carefully controlled research as to the effect of new in- 
structional media on mathematics teaching. 

♦Stress the importance of preserving the recognised objectives of 
mathematics education regardless of the media used. 

♦Encourage administrators to solicit the assistance of teachers, in the 
selection and purchase of classroom equipment. 

EiMtai 

The State Supervisor of McUhematics should — 

Evaluate the State program of mathematics, and also the local pro- 
grams, in terms of answers to such questions as the following: 

♦How effectively am I carrying out the activities recommended above? 

♦Are teachers’ and pupils’ attitudes, understanding, and skills 
improving? 

♦Does the program provide for individual pupil differences? 

♦Are mathematics materials and equipment purchased under the 
NDEA program being utilized effectively? 

♦Do budgets provide for implementing an improved program? 
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Appendix B. Panel Discussions 

Discussion 1. Introduction of tbo Now Mathematics Into the 

Curriculum 

CHAIRMAN ANO PANEL MEMBERS 
John Wagntr 

IsabeRo Rucker Arnold Chandler Frank Hawthorn* 

THE CHAIRMAN noted the great differences among States in 
■ their use of nationally known experimental materials in mathematics 
and attributed the widespread use of such materials in certain States 
to alert leadership at the State level. 

The topics discussed by the panel were the following: (1) the 
relative merits of new curricular projects, (2) projects that helped 
introduce the new mathematics into the Virginia curriculum, and (3 1 ) 
the role of the supervisor in energizing and catalyzing teacher re- 
education. 


Rolstlvi Merits of New Curricular Projects 

SscMdarylwW 

School Mathematics Study Group (SMSG).— Prepared by a group of 
well-qualified mathematicians and teachers. Units are suitable^ for 
separate use. Some of the materials are now available for the upper 
elementary grades. 

University of Illinois Committee on School Mathematics ( UICSM ).— 
Courses produced are strong in pedagogical aspects. Because of their 
definite sequential nature, units could not easily be adopted for 
separate use. 

Ball State Teachers (fbUege Mathematics Program. — Algebra and 
geometry courses produced, emphasizing axiomatic structure. Ma- 
terials available in regular textbook form. j 
University of Maryland Mathematics Project (UMMaP).— Program 
developed for seventh- and eighth-grade mathematics. 

Boston College Series.— Emphasize the structure of mathematics, 
using a historical perspective. j 

OmnOnjIjmi 
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Madison Project at Syracuse, MF— Seeks to determine the 
elementary-grade level at which certain mathematical concepts can 
be taught successfully. p 
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Geometry for Primary Grades .— An experiment (at the Stanford 
elementary school) exploring the teaching of geometry in grades 1-3. 

Projicb He*ng Introduce tto New Mathematics Into the VlnMa Curdeulum 

Mathematics teachers were invited to regular regional principals’ 
meetings for a special session /on mathematics. 

Fifteen inservice mathematics programs were arranged and directed 
by members of the State Department of Education in areas remote 
from colleges or universities. 

The State Department financed and arranged summer institutes 
for high school mathematics teachers. 

' Invited by several school principals, the State Supervisor of Mathe. 
matics discussed the new mathematics with the entire school faculty- 

A mathematics curriculum study group, K-12, was created to work 
on materials for three types of students: elementary, slow learners, 
and college^capable. 

Ths Rote of the Supervhar Is Eaeribtac Md Cittfyrini Teacher Reeducation 

Mathematics teachers for the most part are reasonably well 
motivated fori inservice education, as evidenced by their widespread 
participation in various institutes. The major task of the supervisor, 
in cooperation with mathematicians and school administrators, is to 
provide adequate inservice programs. Such programs can be imple- 
mented by educational films or TV kipescope^, v isitin g lecturers or 
consultants in mathematics, regional conferences within reasonable 
, driving distance, State meetings of professional mathematics organi- 
zations, TV programs at hours other than 6:30 a.m., and programmed 
learning. 

DisewsiM II. CvriculM amps i* Sctaict aid TMr 
InplicaUM fir tUfewnUes Tnckinf 

CHAIRMAN AND PANEL MEMKRS 
MaMajw 

MarprotMavy Madodeo T.SUnoa 
Janes DeReae (Mart Hans Part Hart Rated Ttaptaeiae 

1 he chairman noted that science and mathematics educators need 
to be mutually aware of ths latest developments in both areas. 
Topics discussed by the panel; were the following* 

Biological Sciences Curriculum Study ( BSCS) of the American 

\ 
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Institute of Biological Sciences. — (1) Three high school courses *11 
covered the same material, but each used a different approach: 
ecological and evolutionary, genetic and developmental, or biochemical 
and physiological. (2) A new approach provides continuous labora- 
tory work on a broad subject area for 6 weeks. (3) Charts and graphs, 
probability, and statistics haye been used - to a considerable extent 
in the courses under discussion. 

The Chemical Bond Approach ( CBA ). — A chemistry course was 
built around two major concepts— chemical bonds and chemical 
reactions— and the laboratory work was so planned that it would 
encourage real problem solving. The mathematics used included 
graphical analysis, quadratic equations, and the concepts of precision 
and error in measurement. 

The Chemical Education Materials Study.— Materials emphasize the 
theoretical, rather than the traditional, aspects of chemistry. Stu- 
dents are expected to write out experiments in full— not just fill in the 
blanks on a workbook pagd. 

Developments in Teaching Earth Sciences. — Changes and innovations 
are taking place primarily at the local level. At the national level a 
source book of about 20 units at the Duluth Writing Conference 
arranged by the American Geological Institute under a grant from the 
National Science Foundation. 

Physics Course Prepared by the Physical Sciences Study Committee.— 
The text does not treat the subject descriptively, but rather in such 
a way that students must follow a line of reasoning. In the teaching 
f this course, new topics incorporated in mathematics courses have 
little to contribute. Student competence in traditional mathematics, 
however, is most desirable for this course. 


DbnssiM III. Critirii for EnMJai till Mathuutics Prop* 
of a Stall Dapartamt if Elacatta 


CHAIRMAN AND PANEL MEMBERS 


SyMa(3)SRva CariHsMaa fissrp Rstkr 


California.— No statewide curriculum guides have been issued for 
secondary school mathematics, but the curriculum of a given subject 
comes up for review every 5 years. In 1960 representatives from 78 
school districts met to consider the mathematics curriculum. They 
had the benefit of a report from a group of eminent mathematicians 
who had evaluated a proposed State Department program. At the 
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meeting, workshop groups evaluated new mathematics programs for 
several grade levels. 

/i\ T rf Questions are useful in evaluating a State program: 

(1) Does the State Department of Education espouse a good compre- 
hensive mathematics program? (2) Is the Stete program sensitive 
to the attitudes, beliefs, and opinions of mathematics personnel in 
the schools? (3) Is the program so organized that current status 
information is readily available to the State Supervisor? 

Pennsylvania. (1 ) The State Department of Education does not 
have final figures as to the quantities of material and equipment 
obtained with NDEA funds. The Department feels a concern for 
the extent of the effective use— or even the possible misuse — of such 
materials in the classroom, (2) Inservice education programs have 
resulted in considerable use of new mathematics materials throughout 
the State. No organized effort has been made, however, to evaluate 
resu ts. (3) In June 1960 the State Department of Education con- 
ducted, as part of its 3-vear curriculum revision study, an achieve- 
ment survey of 17,000 seniors in 118 high schools, representing a 
sampling of the 100,000 expected graduates. The average mathe- 
matics achievement level of the 17,000 was somewhat above the 
national average. 

Puerto Rico.— (I ) Education is highly centralized ; curriculum devel- 
opment and textbook selection are responsibilities of the central 
office of the Department of Education. (2) Three evaluative studies 
have been made of Puerto Rican education : two by Teachers (Allege 
Columbia University (in 1926 and 1948); one by the University of 
Puerto Rico and the School of Education, New York University 
jointly (m 1958). (3) The Department of Education makes a study 

every two y*ars of the preparation of mathematics teachers, and on 
tne basw of the findings plans . appropriate inservice education. 

' j i lnCe ■ *’ ,n . ■^ mer * can mathematics textbooks are less adequate 

and less attractive than the North American counterparts, several of 

the latter have been translated into Spanish for iise bv the Puerto 
Kican schools. 
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Appendix C. Informal Talks 

I. National Science Foundation Programs of Interest to 
Mathematics and Science Supervisors 

Keith R. Kelson 

THE NATIONAL SCIENCE FOUNDATION, although conscious 
■ of the pressures created by demands for scientific and technological 
personnel, is committed to a long-range program having continuity 
and stability rather than to a crash program meeting only current 
demands of the tense international situation. 

The purposes of the NSF as defined by law are to promote the 
progress of science, to advance national health, prosperity, and welfare, 
to secure the national defense, and to accomplish other purposes. The 
Foundation’s domain includes the mathematical, physical, engineering, 
medical, biological, and other sciences. 

The NSF engages in four main types of activities to accomplish 
its purposes: (1) It develops and encourages basic research and 
education in the sciences. (2) It initiates research programs in the 
sciences and makes grants to support those programs. (3) It awards 
scholarships and graduate fellowships in the sciences. (4) It maintains 
a roster of scientific personnel. 

In furthering education in the sciences, including mathematics, 
the NSF provides fellowships for teachers and research personnel, 
undertakes projects to improve course content, 1 and sponsors institutes 
for science and mathematics teachers.* 

Tlie N al Science Foundation encourages and supports experi- 
mental curridulipn projects such as SMSG, but it feels that it is 
inappropriate for a Government agency to give a stamp of approval 
to completed projects. Through institutes it does offer help to get 
programs started, but as a matter of policy avoids naing its influence 
to encourage the adoption of experimental curriculum projects, even 
though encouragement might expedite progress. The State Super- 
visors may effectively bridge the gap between the experimental use 
of th a new materials and their more general use in the schools. 

^ N SF is interested in elementary school science and mathematics. 
The Found ation is not certain, however, as to how much it ought to 

** PhT,kml 8dw ** 

* In*ltaU» ter high mhool lixitun tarolr. «n «mn»l «ip*cdltnr« nt pn m jin^ 
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become involved at the elementary school level. Even assuming that 
it ought to become involved, the Foundation is even less certain as to 
what methods would be appropriate for it. 

The National Science Foundation is unique in being a Federal 
Government agency trying to function as a foundation. 


II. Rtsuarcb in Mutbrnatics Supported bp the U.S. Offica of 

Education 


The Office of Education provides support for research of significance 
to education through its Cooperative Research Program. The 
purpose of this program m to develop new knowledge about major 
problems in education or to devise new applications of existing 
knowledge in solving auch problems. 

The program is operated under the terms of Public Law Ml, 83 d 
Congress, which authorises the Commissioner of Education to “enter 
into contracts or jointly financed cooperative arrangements with 
universities and colleges and State educational agencies for the conduct 
of research, surveys, and demonstrations in the field of education.” 
Since the beginning of the program, the following projects have 
been supported in the field of njathematics^'®rough the regular 
contract research program : ^ 

' /aaaahpstor Institution 

ELEMENTARY 

The Development of Mathe- Patrick Suppes Stanford University 

metical Concept* in Chil- 
dren. 


Abilities of First-Grade PupUs Evan R. Keislar 
to Learn Mathematics in 
Terms of Algebraic Struc- 
tures by Means of Teaching 
Machines. 


University of Cali- 
fornia. 


An Analysis of Learning Effi- Herbert J. Klaus- University of Wl*- 
ciency in Arithmetic of meter. cousin 

Mentally Retarded Chil- 
dren in Comparison With 
Children of Average and 
High Intelligence. 

An Evaluation of the Madison William F. Bo win. _ New York State 
Project Method of Teaching 

Arithmetic (gmdee 4, 5, and partmeat. 
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Title 

SECONDARY 

Evaluation and Follow-up 

“ Study of Thayer Academy's 
Summer Advance 8tudy 
Program in Scienoe and 
Mathematics. 

The Individualisation of 
Junior High School Mathe- 
matics. 

Systematic Observation of 
Verbal Interaction as ■ a 
Method of ^Comparing 
Mathematics Lessons. 

GENERAL 

An Evaluative 8tudy of Psy- 
chological Research on .the 
Teaching of Mathematics. 

Discovery and Evaluation of 
the 8tnicture-oMntellect 
Abilities Necessary for Al- 
gebraic Thinking. 

Characteristics of Teachers 
Which Affect Students' 
Learning. 


hmetifator 
William F. Cooley. 


Joseph T. Sutton. 


E. Muriel Wright. 

* 


Philip H. DuBois. 


J. P. Guilford. 


Paul C. Rosen? 
bloom. 


The following demonstration-research projects 
matics have recently been signed into contract: 


Title 

Experimental Teaching of 
Mathematics • Logic in the 
Elementary 8chool. 

Enriched Mathematics for 
Academically Talented Stu- 
dents. 

Implementation, Analysis, 
and Evaluation of the . Madi- 
son Project Mathematics 
Materials. 

The Effectiveness' of an Alge- 
braic Structural Approach 
to Mathematics in Regular 
Primary C l ass r ooms as 
Compared WHb a Conven- 
tional Program of Arithme- 
tic Instruction. 


Ineeeti^Uor 

Patrick 8uppes.. 


Harry Paasow and 
Miriam Goldbbrg. 

a 

Robert B/ Davis 


Evan R. Keislar. 
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I net itution 

Harvard University. 


Do. 


Washington Uni- 
versity. 


’ Do. 


University of South? 
ern California. 


University of Min- 
. nesota. 

the field of niathe- 

I netitution 1 
Stanford Univer- 
sity. 

Teachers College, 
Columbia Uni- 
versity. 

Syracuse Univer- 
sity. 


University of Cali- 
fornia. 



Appendix D. Participants in the Conference 


Chester L. Addington 
Mathematics Supervisor 
8Ute Department of Public Instruc- 
tion 

227 State House 
Indianapolis 4, Ind. 

Irving Adler- 

Department of Mathematics 
Bennington College 
Bennington, Vt. 

Carl Allendoerfer 
Department of Mathematics 
University of .Washington 
Seattle, Wash. 

Frank Anderson 
Supervisor erf Mathematics 
Phoenix Union High School District 
Phoenix, Aria. 

John J. Bauer 

Senior Supervisor in Mathematics 
State Department of Education 
Boston 18, Mass. 

Warren Bell 

Mathematics and Scienoe Consultant 
8tate Department of Public Instruc- 
tion 

Topeka, Kans. 

Kenneth E. Brqwn 
Specialist in Mathematics 
U.8. Office of Education ■ 

Washington 26, D.C. 

James R. Cannon 
Supervisor of Mathematics 
8tate Department of Education 
128 Cordell Hull Building 
Nashville 3, Tenn. 

Arnold M. Chandler 
Supervisor of Mathematics 
State Department of Public Instruc- 
tion 

Madison, Wis. 
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Edwin Chinn 

Supervisor of the Mathematics 
Program ' 

. Oahu School District 
Honolulu, Hawaii 

Dorothy Crain 
Program Assistant 
U.8. Office of Education 
Washington 26, D.C. 

George 8. Cunningham 
Director, Mathematics Education 
State Department of Education 
Conoord, N.H. 

James DeRoae 
Teacher of Chemistry 
Marble- New Town High 8chool 
Philadelphia, Pa. 

John Ethridge 

8tate Supervisor of Mathematics 
State Department of Education 
Jackson, Mias. 

Ethel Grubbs 
Supervising Director 
Department of Mathematics 
District of Columbia Public Schools 
Washington 9, D.C. 

Bernard H. Gundlach 
Professor of Mathematics 
Bowling Green State University 
Bowling Green, Ohio 

Homer F. Hampton 
Mathematics Consultant 
State Department of Education 
Jefferson City, Mo. > 

Frank 8. Hawthorne 
Supervisor, Mathematics Education 
8tate Education Department 
Albany 1, N Y. 
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Carl Heilman 
Mathematics Specialist 
State Department of Public Instruc- 
tion 

Harrisburg, Pa. 

Robert E. Hense 

Director of Membership Activities 
American Chemical Society 
Washington 6, D.C. 

Edwin Hindu man. 

Research Coordinator 
Cooperative Research Branch 
U.8. Office of Education 
Washington 26, D.C. 

J. Dan Hull 
Director, Instruction, 

Organisation, Services Branch 
U.S. Office of Education 
Washington 26, D.C. 

Paul D. Hurd 

Professor of Science Education 
Stanford University 
Stanford, Calif. 

Robert Jackson 
Mathematics Consultant 
State Department of Education 
Centennial Building 
8t. Paul) Minn. 

Donovan A. Johnson 
Associate Professor of Education 
University of Minnesota 
Minneapolis 14, Minn. 

Marjorie C. Johnston 
Acting Chief, Science, Mathematics, 
and Foreign Language Section 
U.8. Office of Education 
Washington 26, D.C. 

Charlotte H. Jones 
Mathematics Consultant 
State Department of Education 
Montgomery 4, Ala. 

Keith R. Kelson 
Deputy Assistant Director 
for Science Personnel and Educa- 
tion 

National Scienoe Foundation • 
Washington 26, D.C. 


John Kinsella 

Department of Mathematics 
New York University. 

New York 3, N.Y. 

Marguerite Klutta 
Research Assistant, Mathematics 
U.S. Office of Education 
Washington 25, D.C. 

Riehard R. Koch 
State Supervisor of Mathematics 
State Department of Public Instruc- 
tion 

Dover, Del. 

Arthur Lalime 
Board of Education 
Administration and Service Center 
l(p Main Street 
Norwalk, Conn. 

Pearl B. Larsen 
Department of Education 
Charlotte Amalie 
St. Thomas, V'. 1. 

John R. Ludington 
Director, Aid to State and Local 
Schools Branch 
U.S. Office of Education 
Washington 26, D.C. 

Helen K. Macintosh 
Chief, Elementary Schools Section 
U.8. Office of Education 
Washington 26, D.C. 

Lee Mahoney 

Consultant in Mathematics 
8tate Department of Education 
Salem, Oreg. 

Paul Marionneaui 

Supervisor, High School Mathematics 
State Department of Education 
Baton Rouge 4, La. 

Margaret Maury 
Teacher of Physics 
Sidwell Friends School 
Washington 16, D.C. 

John R. Mayor 
Director of Education 
American Association for the Advance- 
ment of Science 
Washington 6, D.C. 
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Arthur Mo Mahon 
Consultant, Mathematics 
8tat* Department of Education 
Providenoe 8, R.I. 

James D. McPherson 
Program Analysis Officer 
U.B. Office of Education 
Washington 25, D.C. 

Franklin Padgett 
Research Assistant, Mathematics 
U.8. Office of Education 
Washington 25, D.C. 

Ovid F. Parody 

Chief, 8eoondary Schools Section 
0.8. Offioe of Education 
Washington 25, D.C. 

Richard 8. Peterson 
Supervisor of 8cienoe Education 
State Department of Public Instruc- 
tion 

Salt Lake City 14, Utah +- 

Guasie Phillips 
Consultant in Mathematics 
Office of the Superintendent of Public 
Instruction 
Springfield, 111. 

Harry Phillips 
Consultant in Mathematics 
State Department of Education 
Charleston 5, W. Va. 

Wayland Phillips 

State Supervisor of Mathematics 

State Department 'of Education 

Tallahassee, Fla. 

Wayne O. Reed 

Deputy Commissioner of Education 
U.8. Office of Education 
Washington 26, D.C. 

Edwin G. Rioe 
Consultant, Mathematics 
State Department of Public Instruc- 
tion 

230 Grand Avenue 
Lansing, Mich. 

George L. Roe hr 

Consultant In 8eoondary Education, 

Mathematics 

State Department of Education 
Sacramento 14, Calif. 


Mary B. Rowe 

Consultant in Mathematics and 
Science 

State Department of Education 
Bute Office Building 
Denver 2, Colo. 

Isabelle P. Rucker 
Supervisor of Mathematics 
State Board of Education 
Richmond lft, Va 

Daniel H. Sandel ■' 

Supervisor of Mathematics 
State Department of Education 
Columbia, 8.C. 

Irene 8t Clair 
Consultant of Mathematics 
Texas Education Agency 
Austin, Tex. 

George C. 8ehlenker 
Consultant, 8denoe and Mathematic* 
State Department of Education 
175 West 8tat« Street 
Trenton 25, N.J. 

Veryl 8ehult 
Supervising Director 
M at h e m atics Curriculum 
District of Columbia Public Scholia 
Washington 0, D.C. 

8ylvia | (3) Silva 

Director, Mathematics Program - 
Department of Education 
Hato Rey, P.R. 

Madeline T. 8kirven 
Teacher of Biology 
Edmondson High School 
Baltimore, Md. 

Daniel W. Snader 
Specialist -in Ma thematics 
U.8. Office of Education 
Washington 25, D.C. 

John 8teeie 

Supervisor for Mathematics 
State Department of Education 
Columbus 16, Ohio 

Herbert R. Steffens 
Mathematics Consultant 
State Department of Education 
Canon City, Nev. 



APPENDIXES 


Robert C. Stephantcm 
Executive Director 
American Geological Institute 
Washington 7, D.C. 

Evan A. Bweeteer 

Consultant in Mathematics and 
Science 

Bute Department of Education 
Montpelier, Vt. 

Carl Taylor 

Assistant Director of Instruction 
Sute Department of Education 
Oklahoma City, Ok la. 

Robert L. Thomas $ 

Consultant in Mathematics 
State Department of Education 
Juneau, Alaska 

Gladys Thomason 

Coordinator, Mathematics Education 
State Department of Education 
State Office Building 
Atlanta 3, Ga. 

John Wagner 
Assistant to the Director 
School Mathematics Study Group 
Drawer 2503- A, Yale Station 
New Haven, Conn. 
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F. R. Wanek 

Secondary School Supervisor 
State Department of Public Instruo- 
tion 

Pierre, 8. Dak. 

James F. Watkins 
State Mathematic* Supervisor 
State Department of Public Instruc- 
tion 

Helena, Mont. 

Lewin A. Wheat 

Supervisor of High Schools, Science 
and Mathematics 
State Department of Education 
301 West Preston Street 
Baltimore 1, Md. 

George P. White 

Chief, Instructional Services Area 
Mate Department of Education 
State Capitol Building 
Santa Fe, N. Mex. 

James H. Sant 
Department of Mathematics 
Oklahoma State University of Agri- 
culture and Applied Science 
Stillwater, Okla. 
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